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m M f^f 

Sf .W.D N A 

(1) 'T5 1 I?.lfC Js-l/^-t^ f ^* KfSJ^I 8 3 1-1 

i a 5 t Lxmsm>'i-' 'J ^« 7 V ji -r- K*^l^-f 

* D K A , 

(2) 'ff 1 felfC *.-VA-t: y ^ v f- KfS?!| 4 9 0-8 
3 0 t U-C^« iLiiK !) it ^' v*-?- Vt.itlrt-'c<'.) 

WttfiiU nmUCti-ViX ^ if YWM^ 3 1 - 

1 4 8 5 i U-Cn<<S Hi'-*^ J« ^ I'* ^ 5'5»c 

D H A - 

(3) fi'S 1 W^V^.ii'V^X^ ^ \/irf- Kfi!?)) 8 fl - 4 8 

«- 7»5 , S' 5f: f'SS m M ^ ii- 1 A iff- iff « S^iRfi 
ZJF.fff.W.'O DMA, 

(4) f*', I mi'Ci,-V^X!^ u:ff- Vm^l 1 - 8 7 i 



^(D DMA., 

(5) srm^SK^^j- m *> rf t^j-s^ * -t 5 a t g 

(6) M 2 (aUC A-V/^-C . T ; / ?. 7 8 - 4 9 
4 t l^xmSi^^^' y 7-^- K 5: - K-j-* 1 1 
t«HS t->-*4*«fiii»««>«JI'!l»i 1 '5f?i.t <«.<?> » '■! A,. 

(7) ^ff 2 l?!l»c*.-i/-'-c, T ; y iT.:r'''.«i 104-27 
7 i utT^-* i» .5. rf- y '< yt- 1' *: y<-jt-?.-'Of:;f i-i Tj^ 

Pl^lCJ'lrC T 5 /f!Sf?i'.flI ?. 7 8 - ■! 9 4 i Lt: 

7?: ■^.ii.h't^ y ^ri- K N ^: k: jfiiif ^ t -c ^> * 

Sfl*o«i501S); 2 JHRJ?>?<D D H A , 

(8) ili 2 MKi-^X, 7 S /(^AN-'f^ 3 0-163 

fcjiaMSii-ci/^* *• y r^- k «: = ^-v t i 
ic<t^t'kt-ti><i^S{m:^€> mm tv; 3 a n n a „ 

(9) IT 2raK:*'V»-C, T S /mfi:!?n - 2 9 i I, 
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9 iJ\KCt^<(^:> D N A „ 

7" a - >p -€>Tm'cmtH ti-x -6 1 ^ ^ 

CO n K A ^ 

(ii] 7* -T- - — h y 7* h 7 T >' 7' n ^ — ^ — 

fTfVl'HtO D N A o 

(15) . h fi\r;i V n 7- y^ R n y r ^- k ^ 

>(^^?eiHn^. y^m.ft D N A ^ L 

< fr:t . fr^ . »^ h ^ 7' y ^ K H W{<o 

y -< r ^- K ^ 3 - K -f ^' 'J ^ ^ V ^- K ^ ^ 
# D N A . ^,T?( D N A ^^^Ti-'^ifilA^ifAAft, 

n 7* y > K H rfTlOrf" y -<7"^ KOii!l!ii'§)^l-M{n 

i"^. i> o -c . 

fifii;:^^'rr :7'y H ( heP,vy ) #.^*.-XfA: L ( 

'^'M1\l't^'^^W.t^y^9^~i effector ) 
m%-km^A'^ c h ^loirinu-pt;^^: 

^ . i^f^ ^'*i^7'y>'(lff)A.D,G.M,E 

E ( uiT I f?E) fi, t e.-rd:. -tojy-TF^i^t;^^ 1 9 

6.0 0 0 i^' b^"Cif>f)^ 7 5, 50 O^/i^hvO 
H ^-i t 2 2.5 0 0 h >'0 L 75^* -t" -^:f it 2 

I ^ E <D « ^it<D C ftUI^W, C H 1 — C n 4, O 4 
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3 - K-t>?> m R N A ^^^mr.'y^'th C t tr^^flXt-f 
•h^lM K ^ u^i' 8 3 1 - 1 4 
8 5 <[: LtTK^ii^^' y V^<^<^i-i-^ 
D N A Or^/^t^n 

W fff 1 ^ v.^*^- KriJi^il 8 3 I - 1 

4 S 5 tLXTT^-^ tl.^ y >t u K ^^YT 
>?> D N A ^Wi^^lH^4v?!^f^. 

W I [fi:)^:fe^\^r :st ^ ^ KfV.^IiS 3 1-1 
4 8 5 <t U"t: i^; ^' y ^ ^- ^ K ^ 

^ D H A -f- ^ m^riA^i^ -kir^i^ L . i?f ?M^'1' 

K h ^fii-? ^ 7' y ^ K " y ^ 7' K *$ 

^ ^ 'i-' y ^ 7' f - J>V, ? V i i -It I, . ci U i^: 

fi %\\ O rf^ y 7*> K 1^ 7t ^1 .n- {^^ O ir-. -^'V '-t^ 

a ^ \fl b . C H 2 YC ^^^^ X 2 n filVjN 7. 

I P E <?:> jf^ f'p ^ :i L 7c m i^' 5 irni r;'J $ r f-l: o r^'j ^ 

I3hi;5aka, o-iid T; InhlKakn, I Tamiino logical 

ii t 1- 9 1 9 7 8 ) o 'O^f: ^ "C > T 1/ A' ¥ - M 
^ i> "5 ^ fr >t> ifC U IHf ^ nit fv> fr 1/^ /c I E 

r © I g K (C i>:n i- >iS A t/^ T ^ 

?t ;^c5r;(^^^^,^;^^;^-V^. -i- M; t I- l K -fr 

i»t^;> r t ^ c . e: <o 31,1 r»3 - - ^e: ri/^ 
9KmtfC:kf\^imx ^ ht^m<om'}^vm7t:i^^x\r^'ft. 
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V\ 9^, ^ 1j 11^. i!)'^m\-^i^'X\^ ^ , m i^'^ n r $> . 

ir^r^H 5 0 ^-mtl^Sm^i 5 6 - 1 2 0 5 f> 5 -^j- . t^^ 
fn5 7 /J 3 0 H ftlt^TM ) . 

t u 1 ^ ^ -i- ^ rc fc ^ fr. o 

D N A . D N A ^^W-f ^->lfl-^}^iX.f^. 

] 4 8 5 ^ L-C7?:^it-6^* U ^ v^^>^ Ffd:. 

7.mK^-\^xr ^ / mmm - 4 9 4 1 \^xiu:> 

^ t h I g E H C H 1 — C H 4 <D y 

" Vk^ t!:>?) X ^ frC S'?^*^^ A T G ^r^-f'^^ir^'-i-' 
y ?t ^ I/;*- ^- 7*t^ - ^ - <?)T^(^i'l>^n it 

y 7* h 7 T ^''S^/^^ ( trp ) 7"cT * — — , rnc A 
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f\.tnm(0% m h^j ^ L < -t^ n'a ^: ^1 -f 

D N A t: ?5 * o 

e: o ^ > 1 i^^^^ i*>-v/-» -r ^ 1/ ^- k j-ij 8 

3 1 - 1 4 8 r, <t L-Ctk ^ :»t^, y i7 ^ ^ K 
fri. 'J{^zm\(C%.-V^Xr 5 2 7 8 - 4 9 4 

X^A:>'^^'h^- 'J ^7'^- :::>-i 0 t- I E 

H O C H 3 — C H 4 ^- :3 - K 'j^ * o 

fPi I (Et'C^.-U^-C ^ KfitJiJ''!! 4 9 0 

/Lr or 

- ^ L-c^^ix^H^ y ^ Kid:, 

a^i^Jo^^iXv?) y/^ 7'^- K . f) *^ h I K E H 

f?HcO CH2'-'CH41I::3 - Ki^*.^ 

^7t. fi? 1 (i^K:*-»^-T:^ ^ -f' h'tSiin 8 8- 
1 4 8 5 <!: y ^ i?' ^ ^ "f- KH:> ^5 

z(§lK;i>-v^t r 5 /rf^fvi^i|3 o - 4 9 4 <t Lti^ 
it-^^ y -<7'^- hv^ - ri'^o tO'i' y 

r-f- Kfri *^ ^ X g E H C U 1 - C H 4 O'-i* 
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12 0 5 5 ^^■i,xifi^M-^.fLX\^^.>:)im% L<d;c: 

y - A'tC ^ jtllfcli ft -t -t R K A ^ i-^S) c O 
U^-C ^- y 3* ( d T ) -te o - ^ . rj* t; < U ) -b: 7 

r p 5^ <t*^JH^/^-c, y r v-*:::i/^/TS^^^-trR 
N A ^fr:^>. t^^t•^"^;i^^fV.if;^^>MJb1r^• 
kS. . ^.w; ^J- fi^-lUc i/^ -c -^r ^ pf: 4^ /jcn 0 r iE^. 

.jjl cDH A^'ft^rt'^, ^ ^b^r^lO c ON A<D — D 
N A -^vO^^K^^tr 0 C Mo.niatlB, T. h » Coll. 
H. 103 ( 1976 ) 3o 

,^ T) M A 7t t ;t frf d G - d C ^ .6 d A 

- d T 'h -T. cj -7 - *V^«fc C Nelson . T. S . 
MefcUodR In Enzymology^ 68,41(1979) 
Acaflemlo Prens Inc. New York 3 pWR 3 

2 2 <0 P t I ^ ^ S p h I a: ;x K ^ u 

r - H t t7j P?r ffP fvX ( t m 3, ^ ^i: ^ „ C i l fc t ^ ^ 
;^)I;.Ki'ir 1 7 7 6 rj;-fC^?g[AL-crj^^i|5jt^^-!J:. x 
h ^ >f y >'o1^t:fe$)^i/^(d:r > n's^ y ^iliiK: 
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H ftl rt^" ij 7*^ K ^ :3 - Ki- ;rf> m R N ft:^- jjju-^ ^ ^ 

^Hf^<7J C D K L V --r-t':;i'l ]) fj A tC i!? i\ , f';;' 

S(s ( y :5« T — . x > I ' ^ 1/ T — -tr ) 

K A L ^7) . /t t A )!:-.^ i :*» 7x vt' K jA, 
. f'4 h n iffl ^^ ^\ ,1 f^^ ^: i^f V^; L T c 0 n Afv t\ y' 
y K trU* n«-4- ^ t <h frC X . h I E fl 
y -Ti' K ^: - K i" zi ^1 DMA ^n^') 

C t TfHi/^* m R N Afi . 7't <t ^JXTf^o::>•)^frxK 
u 2 6 6^:^ff?^E•mf4U^ til ix it jf !•! P. 5> I'a 

RNan eRl^?^l|<L- , <t ^fX /< y >- - :=c 
^ P - :^ >( h ^: i* ^ ^. 7<: ;?J fl- m \(i 4^ . 
t JLirX n - y ^ y^\nmA' -^^'^\%\ 

11 h igE H ^^otf^ilHiftf/KT-lirf/rtii-r^ p 

:>^^"5il-r.t,- ( Wlsihlda T-, , Proc. NatL 
Acad. ScL USA 7_9 . 3 8 3 3 19H2 ), 

( :KM±^^ . m^T-m , :t:i<C 1/1:^^^12 X !) ) 
X A: <h JLffX^- Y y :^ - y 3 y^f^ CRiRby- 

P.ff- J. t> , J. MoL BloL , 113 .237 ( 1 9 7 7 )1 
X i? 3 2p-C ^ /i^ -^x^^^d: t h I gE H 

y-<r^- K<Dr e vTi^R-^j^iHi^Mjei-i-^^h^JJ^ f:>iL 

^ ^ ^ u- ^ f- Kf?. JlJ^r i -> /c 7f- y rr ^ K 

7" y ^' - £^ 3 C Gmnnteln ^ M. and 

ITo^iK^fis , as., Proc. Natl, Acirl. Set. USA 
72 . 3 9 6 1 ( 1 975 ) ) X T . i--t{'C?'>7t 7" 

h ^ -y->f y ^^#l^h^^>2,V/^ar :^ ^^''e^ y yHm.(r> 

y -9 y :^ rfz - ./ Y (0^'^-^^h'^lH> ^ ^ ^- - 

^ 0 - =^ y^-p;hn CO -» p = r y ^ 

^ l^^^ KiS^(J^t> A: ^ ^fj: Maxom -Gilbert 
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C Mp.xA,m, A ML & Gilbert, W..Proc. Hatl. ycL 
U S A , 7J. 560 ( 1 977) 3 ^AV/^Ul^ T - M 
1 3 f ^ i/ ^ uy/f- K<VJ^^:f1P,^Jh 

<^.^'Jj fl'x (i Monfjinjor, J. , Wuclelc Ac.ldR Ren , 0 
,309(1981 ) :i(D-JjH<f(Cl oX/iiT^^L, *^ ^ 

1 1? E n rK y 7*^- K ^ ^ - v-p^iE {^^-(O^f- 

f:';-it/^ rr I' ^ A T O' O T ? tt: C> /Ti: ^ "T . ei U ^: r^-^i 
_ ^ ^ - 'i^^\rs^th ^Wil T ^ ^ ^ - 1^ - 

C i 4i tr >?)o 

-7-C7 - ;ji - ^ L"CW:. ^ - ^ - 

, ^ Lt: H: , ^ fl^S f^f l-A-f'^" t:^^ ^: E 

-rr \ ^ y ^ n.E<n^5^^^)^'^^^^^^^- ^^^^ 

-<r^ Kit fcfr:tCi»-*!:I^^<0^&J)?^r^i'i^ % L< frVk 
5^.i^T''fV:j?i-5tr(-:l- Wi' ^ ^' V r ^ K«:tSL?l5 0-^Jf^<T 
i'^'-hL h I R E H no-J^* ^) -<r^- V t If^*^ 

(1) U - 2 6 6|{nllf?OJ?5r^ 

^fic<t^ h #{F:5M<.f!iIfl?!! n - 2 6 6 C Irainimolof^y , 
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. ^ i)ip*t 2 .9 4 yjJ^T-^ U^.. 

2 9 4 lrt6)^%\(0^i\ C liacUinan. K. h < 
Proc. Natl. Acad. Scl- USA. 7 H . 4 I 7 4 ( 1 97 C ) 
D -Trflll?JI/3feA r ^/V^fi^i^.i^r ( InPt-ltute For 
Permenta.tloa Osaka ) K I F 0 - 1 4 I 7 1 <b 

W:5^^€>:J^?^ C Cohen, S, U. C:> . Proo. Katl. Acad. 
Set U S A. (i9,'21 1 0 (1 97 2) 3 X t) ff 0 « 

^<^trM 9ir?i1tlC Minor. ,T. F.xpcrlmPAitn in 
Molecular Genoti en , 4 :^ 1 - 4 3 3 (Cold Spring 
Harbor Laboratory, New York 1 9 7 2 ) Dt^'^*^' 

X <i^75'^-Ji:>6-/c*;>K:, /ci: - ^ v K U 

r i7 'J /»^fr^?<DX 9 35:2^?i'l^^fll^./^ C ^7^T*^ 

^-!5^fW:tiri^ 1 5 — 4 3 r: -r^ — 2 4iT^l«)ffv.. 

38.63 ( 1979 ) J ( 2 . 5 x i 0 V ) 

R P M I — 1 6 4 0 ( Ro«wpiI Park Memorial 
Institute ) ltH*fr<5 0 \) atX 1 0 O T-^^hflfJ 

l^^jfaTf^ . t-^- X r/-< - £^ y V . I- u ri- >f 

( jtCHH ) ^ 0 . 1 '-y /r/ t irc a - ■? - 'Ic h 

/I'K x!?37t;r3H tnimn l/c.. 
(2) y r 7-' = ^i^r? * ^ f r h h a a^m n 

U - 2 6 Gitni)![3 0^ R M A ^!I^I.\•t* 7; 
^^'«; V V CjO-^fj^^Kft -3 7C C BiochemliBtry , 
JJ . 2G33(l 974 )lo i-?5::*:'t>x 3 B^c?^ 
U - 2 6 6 Ini flr*i ^ -/</i/i.!lt*a('^^ rotor G S A ^ 

mw L-T 2 5 0 0 , 5 6}]%^ \^xm>^:>. ^fe^iR 
r^j^oKttiii^^fl Lft ^ t>(rc 2 5 0 0 n:«J*;r;-r 5 ^ 

M'tj- L-t?iilflMfcf?cJ^ L/co tcoifiilflinic 5-1 0 » 
:;frc?.> 4 fss H - ^ y 5/ -y^-i'mKi ( Tn^tl^Ii 

I^?! ) C 2 «y>/ff^^/< y V ( ^n^:s-l«-^?? ) . 0 . 2 « 

t'p /i^Ht 5^ oL-^- A/ ( 3ir^<l:J.t ) .0.01 
MTris'HCl, pfr 7. G ] ^;;nM. aO^/^^^T^^ 
a >' Tfr ^ ^ i^• - t: 1 5 2 0 luli^ L/'Co 
t<7J^?SK: CaCl ^ 0 . 5 <b^^ X 5 K/a 
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0 0 0 mux 2 om\\mc- Lxn n k ^^tJ^^^-tt 

R ff A (D f^f^5 ^ 0 . 4 i« O N - ^ y 3 5/ 

M <t ^ J: 5 f^iin^^ ^ >' 7 

(3) ^ y :!* (dT ) -ti A' c - ;?? A ^ 13 ^ h ^r' ^ 

^ y - A^ftr^i) L;it R w A ^: :^ e' II s w 2 7 
. 1 rotor -C 2 0,0 0 0 WMc^ , Z 0 ^mm»0 LX 
fHi^ftt^^^ I 0 rt<D I 0 mM Tr i r - H CI ( pH 7. 6 
) . 0 . 5 M HaCl , 1 niM E D T A , 0 . 5 

B D smmmKmmLfc. iki/ccihtm]:.mmm 

KiftM Lfc :^ y 3- (dT ) -fe /(^ a - ;^ ^ 1 0 cccDf.;^ 
4cin ( 4 st } K^H> . i^BO R W A 

(I) D N A O-^fi^ 

±,iV'r^^M?!|-rf-^;h 5 // ^ mRHA Jt 1 0 0 
^-^y h ©ii^'lK^rtJ^^^^ ( Life Science ) rrlO 
l/^. 10 0///? <Dl^jE£;i'fX ( =*^/i^ y 3- (dT), 

1 m M -j^CXD d A T P , d C T P . d G T P X f> d T 
TP . 8 mM MpCl^ . 5 0 m M KCl , I 0 m M 

7^ u ^ y ~ ^ 5 0 ra M T r i a - tl G 1 . p» 8. 3 

y jc y ~ /ix-eftjt^^ L , 0 . IN NaOH T 7 0 tl 
. 2 0 LT R N A ^'Amm^^ L7Co 

(n) D w A o^A-fiJ?: 

eir-^iiic^ ityc/iii^oHiM n a ^ 5 o /<e 

<0}^f4:;.m ( mRNAi;*- y 3* (dT) '^:^ t /^rV-^W^-i 

^ t <t X i? - tK^I d n a ^^i^: L-ft.. 

m d C 7^ >f /»^<7jft//Il 

t <?)I1 ;jc ^.^5 D H A K 6 0 ^ " *7 h O ^ 7 r — 
■l^' S 1 ( B'*.thfis<la. Research lAboratorles M:) 
=5: 5 0 // ^ OjK/Vixrf^ii ( 0 . l Mf^r^!:^:^ h y 9 A , 



1.!S1H3 50- 44339 (6) 

^ ^ ^Cf/S L-r h: y r r =^ /i^fi'^-^cf^^r u n a ^(V^lri^f 

^-Hrrc. -5 Ci!^?ii''nf'<-tr;^fRii 2 6 0 no 

UNA •^rMy^WA.ft.Vt. I 0 wM Tric-MCKpH 

7. 6 ) . 1 m M lij I) T A , 0 - :h S D ^>H'5j(fV 

t*'-K y r -r ~ ^:fKfs R n A ^; =? a Vjv ^^/Ji 

L ( I rrZ/Frf) ) a U 2 6 fl nm O'^-^JKr R N A 

tr^M^Lfc. R N K^^'fi^:Vd^-i . -20 t;T(t:i^ 
(4) V 3 rfi /^r Pit'. im .C.^ f (TC .t: .t ^ m 

2 0 . 0 5 M NaCl , 0 . 0 I H E 1) T A , 
0. 0lMTriO'HCl(pH7. (5).0. 2^SD 

s mmt&.KiftP^l' L/c I 0 — 3 o 5/ 3 IVin?/(t 
mUmJbKJ^.ii^L. a w 2 7 rotorrr<*':;ii L-C 2 
4,0 0 0 2 2 H^rl'tl 2 0 Tft:.-.lt.a U/c^ ^1 

<Ot^y^ F'5^^$5»^:4 O^K^JONU. 0 1). 2 6 O nm 

ifr^iJi^js ^ ^ ^ -^'fk.^<^Aiy^'^'(\\¥\\kt \..x ni 

R N A -^Ufr^ 

pH 4. 5.0- 25 M NaCL^ J. ^ m M. Zn;'U4 ) iji 
-C?^?;.^ 3 0 ^ l^y )1j ^ -It . x y - -CtJ^ j'^ t\ U . 

j:: ^ y - A-'-C D N A. -^zt^A'^X'^^ f.t: , ^ ittc: a 0 

7 h i^* > — ^ h v ^ J V — *^ 

(Bethosda Rer.earch Labora t nrir^G M:lfc J> 0 /' 
0)17^V?f€ ( 0 . 1 4 M 77 n A'i>':^ 'J V . 0. 3 
MTi'ls ( ^i^-?.'; ) , pNV. (i. 2nH 'J ^ 7^ u 
h - . 1. m H C 1 , 0 . I S m M d C T P ) 
^V X 3 ^>ij'n 3 7 0 -CfnJii n M A O 3' piij 

*^M(t^^'i2 0 fi.^^Or ^ ^-r :^'M":l'M^^-H:/to 

o/iT/iV-crj 3 0 0 It p o 7*.-H 
T 5^ re % -> /t— D N A ^^-in/;:. 

— ')5^ I 0 /t f <D;^Jj'^rfV 7' ^ --^ i K P H R 3 2 2 
DHAtC20^-:/^ P f:^ t I ^: 5 O/^J^ 

O^ioiriJ: C 5 0 mM KaCl , 6 mM Trifl -irCl ( pH 
7. 4 ) , G mM MfiClp, . 6 mM 2 - / 71 7" h ^ ^ 

y - A^ , 1 0 0 ^hifn?:'/ r A' 7' ^ V :) rii-r 

3 P^f/4| 3 7 t; r ft^ ItJ ^ p B R 3 2 2 D N A 1' ^ 
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Y ^ z^:^y --tr ^ 5 .0 e <0 Kyi^fi<i C 0. 1 4 
M :0 n 5^ .-^ y '> is . 0 . 3 M Tri s ( ) , 
p H 7. 6 , 2 m M f- :^ ^ h - /i' ^ 1 m M 
CoCl^. 0.15 oM, dG TPD 3 ^> iHl 3 7 t) 

-CfKifl^-tt.illlP.T*'? ^ y pBR322 nNA</J3'r'ij 

«^frc^'j 8 {^(7:) r ^ 'V r - ^t: f5 -iJry;.:. 

(V) cDH A<»::^ii'ir3r^ 5 V t <0^<^rj: hT/K 

//(^ ^.J:.H(l7'-7 7^ ^ K pBR3 22 0 . 5 ^ 
0 , 1 M HaCl .5 0 mM Trin • IICX . pU 7 . 6 . 

hay^j^k C J. Wol. lUor 9_G . 4 9 5 ( 1 9 7 5 ) 3 
^o-C;^B^f^ r 1 7 76 -li^Tt. 
(vl) c, DN A-^'^^*^ ^ ^ KO^^rafe 

mi^:* ^ ^1- . C il. ^ ^J- O D N A ^ ^ h ^ ^ - 
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;^ 7 >f -(Di^CN!!!^ Lfr-^ C t.Irnimteln t.l 

and Hopness, D. S. Proc. Hntl. Acad. Sc.i. USA 
72.3961 ( 1975 )3 
— t ^ ipE II fO 'J=* 'J ^ 7" ^- K ('C :;r.J L 

^/i3mT-trrM-(r)iiM.\)rr = h ? V - ^ y ^^r;^ 

( fiUtS ) ^.-H^^-t: 3 2P ^-^.''-L/t^ 

D N A 0 . 2 ^ 2 5 /' O.))^l.(^i0i i 5 0m 

M T r 1 P • H C 1 , H 7 . 5 , f) m K1 M ftC 1 2 . 1 w M 
_ > ;u ^ 7' h .X ^ y - y*^ . 1 (). /f C 1 - 3 2 P 
V - d ATP 0 . 4 ng 9 ^J'i*^)?? ONane I ( Wor- 

thi ng t on ) D 2 ^> Rtl ?7iJ -C fy.* Ir; ^ -i*- /c o 

2 5 ^ - h 0;^ft'WV^ D N A ^-1-- y / ^ - -tt' I ( 
Boohrinper Watmhoim ij; ) ^^ill^^'C 3 0 1 

It A'{t/t<;VC X i) D N A I'^lisil L. 3 2 P ^ ^ 

D N A ^'f^?.7t„ 
to 32F -DH A -- ^ T.awn O 

C Nucleic Acido Kor.. , 9 , (i 1 0 3 ( 1 9 8 I ) 

3 ffC^i o -t ± rdfO = b ^ -V. A- - 7 ^ - ± 
2f> frCfeVirt? LTtD N A VC^^-^M.\ M- - h ^ 5^' ^ 



A ^ Blrnbolm-Doly (Diji^ C Blrnboim H. C. & 
Doly. J, Nucleic Acid Rea. 7 , 1 5 1 3 ( 1979) 
3t€ Jt o-t/)*J^^Ufco K^y"^ ;^ ^ K D N AC>fiti 
A?^1'l^^l^^]^^Hfi'i^-v*P^' t'^-t i?^J i)W Us 5^m\^it. 

t^fr^t-^^tr pGRT2 DNA )^>Lf?/v/;^r. 

5^"'h*C#A^n/c o DN A?.1Difl](?)-^<^^/;*i ^ 
KfBJ^'iJ ) -S: ^- £^ ^ ^' »^ ^ ^ K '(^n^^i'iTi^^^ 

itiMt Maxam-Gilbert (DijfPJZX r>X'/kJ^{^ 

8 - 1 5 0 2 t Lt:7?;^:fV^** 'J • ^ . 'Tt^ i'frig^ 1 

5 \\K\w.mi^ wi^n\>\^'^.—^\^'^^^tknx. 



^ Uorrlngtori it^O^^'f^ C Iinniufiolof;;lcal Rev, 

4 ] . 3 ( 1 9 7 8 ) 3 u-c I II ri 'J y-^- 

K O T i / PiC^'fl <f: ^ <^ -j- ^ C i /^^ t> , p o 
ET 2 KI^^A^ :iiyc c D N At.t I R F. H glO vK y 
7'^ K^:3 - K U-t:V^'?»ei to 
<: D M A a: norrlTi;;ton tr^ ^.J ^li I'f ( IMl /!\ ) O I R 
H ^5<:0 V -ffi^jt^i^O fi 3-iirROT S / fi^J ^- - K^;?) 
^ K :^ X !) H\ - C !? . r'l*H(:l: "t - f' L 

t\/^>s»n ^I'M ( A ) i7^-i:H7>wr-rn L-r*/^^ 

ftfA C'.ii © ffi i:^ ^ f -r f L r ^ :>f A C-? n ^ « 

^ V'fVAWMtRWjh^ t' A T o ?CiV^-'^Jrv ijWjY^ 

—^k-i'h X 5 K5'^?f^K:;;ii,l-r. fii>o?i^.miiI 
nh^m/-'x:^i%fcy"f y^ ^ k pgkt 2<D|:nAJ;ls^ 
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H9 (CG 0 A/ i! Ki\\t(i (20 mMTrip-HCl, pfl 
a. 0 , 0 - 6 M NaCl , I ?. »nM CaCl?, . I Z raM 
M^:rCl2 . 1 ra W E I) T A ) ^ 2 unit <0 % ^ \/ 
T--t^Bal 31 C W'^w En/jland TUolnbs ?;t 
Gray f> Mur.leic Acid Roaearch, 2^, 14 59 
( 1 975 )3^^ 3 0 C 1 5>!/nm/^j^-K»:D N KUxfxCy 

X i» rat fi'j K iiH ^t: L fc. ' 

X n N A -kS^^. Lfc<?vr-,, mif^.*^n[H^i K t»-Jt 
r>*fij;lRr*j^:i^> cia i ('^)s?ifi)i!J=^^f>l t -^^J- r r - 

C A T n O A T G T 4 y y/ — -fc' ( N^n IOhr- 

lAn<l JJJ olabfj ^J: ) ^JiJV^-rl^i'S^T^-ti^fCn 
■ imMr^ ^ ^ y h L-X±mm<0 trp7* 

ri .-e — ^ - »iJ^ .5> C 7- a — ^' - , ^ ^ w — — ^ 
i^tr 27Gbp(^:>DN Al^jt^ Bennett, G. N . . 
J. Mol. BloL , 1^ . I I 3(1 978 ) D ^'^tr7'^ 
j;^^ Kptrp 771 (-<^^^-ttpBR32?, )^ 
Hn^nS 7 - 8 5 2 8 0 K RiVJi? ^ 

eiO^gmr'? ^ ^ Kptrp 7 71 ^fiHJlt|ie^:^t1 



44399 (8) 

) tOJ^fS;?!"^ $:ilJV^t: Cohen C^O^VT^^tv ( Tnl/U ) K 

-iz Bal 3 1 X ?ii ^tf^ Jl^^^ -> 7" "7 7. i K ^ 

:3 trt - ^ . m t-- h 1 K R fn-f^ 

. ^ /IH^-C a - - >f A / T '/ -li ^ /ic C Kerap 
^ A. F. Cowman. Proc. NatL Acad. T^cl .USA 7 8 . 

/fdf 

4 2 5 0 (=%=i^ ) D Tc trv^ , u h I ^ E n o d* y 
7'^- K ^rm^^. L-t t^,^ n o = - L/c^ i'TS: 

It > = h a -li /V - ;^ 7 A- i: ♦*(: -f' U^c 
=1 rr ^ - ^ ^ 0 . 1 M N.'^.nCO;^ . 0 . 1 h U h 

V X 1 0 0 . 2 0 0 /t^/rf y \r -f- - .ui\Uii±x 
mBLfc<oh. -^ro-* ^ A^l:^r vxVt§t?j': ft L^t 

a^Jt ( Whatman lii: , .'fii 5 4 0 ) ^ 
a raMTris'HCl» p tl 8, 0.0. 5M NaCl . 0 - 1 



h y h >- X 1 0 0 . 1 J*? ^- ifruVi r /v^ 7- i ^ ) r Tri'; 

fTvL^ -5 f:.^ ^ 25i ^ ^/u^nfcr CI 7^ ^ V A ( 

r j1 R C C Amera ham t:\: ) 1^ fi>; ^' -tl: /^l o ^ 
^Mk^ X < o o - h 7 7 - 

<: o r ^7 -b ^ r m t h i « e ^cf^^ <>: ^ < j^" 

UvU/t:' CI 7-7 >^ S K^: pGET 

trp 1 0 4 (t 'fli'H-. C^7*V 7^ ^ K^jfVHKX i) 
Birnboim-Doly (0^\k ( fltlHi ) fc /fl T Jl'i /ii L 
fCo C(0 pGKT trp 1 0 4 i^:±r|rt^ U h I g E H 
^\ tQ^- K i- d^ y >t u ;f ^ K O p t r p 7 71 

v^mM^\v.nk ( riiim ) (c x u mi ufc 

tC^. mMmii}^ ^ K X A T G Ktr,\^X. norrlnff- 
ton 0^5?i*fr0 9 2fi^FiOr 5 / m^k^ ~ K-f-^n 
K > X i? D Vi'Tfi^—^'C . 11 h I E H 

dr y 7*f- K ^ n - K d^' y w ^ K tJS 
^ f? . 3'-4^: l^iPI (C . m R K Afi-i[i^<D :^^a 

K$>*d^y ( A ) iT^^sy/f5^?f-^ixti^^2:<t7)»"JI 



(I) 'i^3^i^i/-Cf!J/crt? 7> i r PGKT zoi^rr Afi> 
^^ iKHi F B t I r vy /n U vV . i\ co n m a d'r 

Sal I , (llil^^T): Pn t IjqSKf <C ^>or) 1 1 5 

0 hp N A f(:Jf ^$:f;^/cn ^:oo H AtiirH-^^:) 

Sal I m<i(o—i^fi\mm^^\s^.<'^^^ki^n^^r\^ 

N A d^' y > ^ - I ^ - 7 ^ ^ V ^ h -C 0 /c 

m?^mm^ K vj^xr/^fiiijmfi/^^s cla i 

^'^f?llf\lr ^r-^trT ^-r ^ - AT CO ATG C '^^ 

TT^y/--h' ( Hew England Hiolabs M: ) >^ Hj 

V^x^¥^^'^'^tf^^ to (^V ^ l''^ ^; Jli^i !'!! ( nv- tf; n i a i 

-C^;yf^L. ffHlUj^.filf'ut^ Ola I . PfttI TtilJII'J Ufc 
7' 9 ^ K p t r p 7 7 1 ^ , T 4 D H A y 

<OK^\{C X i? . trp 7't^ ^ - - O-yT 

\mh 3 K Xr>rf TtfCn-ri'V::^ :^l;c. r-enrr :7 - K 

-C . t: h I g E H (Kl CD d? y 7'^- K , Dorrirurton 
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K^gff^l, :^ \ V pGET trp 302 ^ L /to 

T::^li«.nvi 2 9 4 ^WfiAr4^r^'\th <: <h K i . 

A6^>7'^ 5 K PORT trp 3 0 2 ^ ^ fT^ l^fe ^ 
t*:! / -CTlf;^C V ^ ^ K pO E T 2 ©|rji AfEP 

C-? K- WiW. (if ^ninnf i r »;n . — 7>J n i n f 

D N A Icff j-r^l^fc^ 

t <D P N A PJf ^t- Hi n f I /IBf"?. 1^"? "T !> 

N A ^.^m::Kmm D N A ;K y / ^ - -t' r ^ - i-' 7 

^' ^ V ( Bethosda Regearch Laboratoj ifra 
n: ) -C0A^>^fil5!ei1.^<f: ^sf^^^ff^f^^l J.(0-r JTjU. 

'/tr ^7'^ - ^Tr 0 A T ATG C ^ T 4 U - 
:i|-:ClaI, Vr.tirimi.ftmMy''^ ^ ^ K ptrp 
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3 K ^ C A T ^r^j ibl^^ll^^ f) i?-'^'-'-'.-^ LT . 
t h I g E H 0^ (D '1-' y ^ 7' -r- K 7-'> . nor r I n*? ton 

co^'A^^i/C X 7^ 3 3 1 hTM^-ot s /r-VK^ - Krf^ 
^ K ^ 4: ^ ^ ^ t h I a E H ^ri</) y 7-^- k 

^^?l.7**7 ^ K pG ET trp 4 I 0 rrli'i'^^r C 

l^m 2 9 4 ^:<^: x , 

7-9 5 K pGET trp 4 I 0 ^ f^tr (Vf^:^ ^: ?!^/c. 

5 K^:^trrji|*tc^ 2.(1 ff/o 1 r< A/iT - ;t , 0.4 
^ J f^ttr^ij M ? Jriliftx"* 3 7 4 lUVIuNH-i"* 

-Jt. ^K3 7 C 3fl^mmV'^L/c. jVUi:rc^i5^3. 
,^>-^7K-t:f)l;-^7t<Dl9. 0- 5 rf iVT^p: ( I 0 ni 
\\ Trie -nci / pHC. 0 , I 0 in It f: DT A 0. 2 H 
IlaCl . I ra M 7 = /»^^ ^- /^^^ /^^^ = >^ 7 :^ 
>f K . 0 . 0 2 h y h X 1 0 0 . 0 . l 



y y^ - A ) KSfi^niiL. ot;K:*T:45».3 
7 i: 2 .^>MK^ y.-xmm-^-'^i\c. 
^i'^ < ( 3 0 fi; ) jlii^f i!^ ^iiJ??Jl'ff o -C . miW LfcTM 
f|c<7j I) N A ^tyjftjr L^^^,. 4 I 5 0 0 0 r p 
ra - /^A'SS 34 f> — :^'-) , 30 ^iMJOii^ 

h . / X- . ifxlPT^^Iii?!^3-^ ) ^iHV>>t:n i s t 

C Hatllo immuiio norbent tept, In;Tn\inolopy . 

14 , ^i«r>( 1 968 )11^. x i) $^rA L;^Co 

.Wi*ti^:?fV 2 ^'^(t:??; L/C. K h I E H4i.t(Odt" U 

ri- Y OM^„ f'U'J: p o E T t rp 3 0 2 ^: i^tlf:?; 

///i> ^ < 4 8 0 ^/ ^WslMl-^ ih o /Co 
?t!; 2 

m A (Is: J^8E nprJ^/il^t (nff/ff^llWiif($) 

;^Ijf-^iVl 294(ptrp77l ) 0 

>^H'^?i'i'J 294 ( pGETtrpl04 ) 8 4 

i^Snxn 29 4 ( pO FJT 1. r p3 0 2 ) 4 8 (I 

29 4 ( pG r.T t r p4 1 0 ) 4 8 



5 6 ^^m^^ym 5 0 I 9 3 :^ 4 ^^^y^m 

^Km^.^i-tXV^^ij'jk^ \>^A-'^ h IRE ^'-y 

^ a - ^ /i-^^rJ^^TK^r/fl'lVllUKT 7 >f ^' 1 0 ( 

Blo-Rart^^j: ) I I a E t / 

j; ^ /<^1?r.it- - T 7 ^ /V I 0 7 A 1 ft/: (C^': 
i^C^i 'J^'Cf^^ ibftyt pTxRT trp 302 ^: ^ tr jVi ^1*1 
m?f? 5 ri-^^-fy^k) . 2 0 0? X ^- ;^ h - ^: f'rtr P 
n s ( 2 0 mu y i^if^^.r^ivnl* » ptin. 8 , o. i 5 

M HaCl ) 5 0 f^f tMrny^Xii ^ ^^^^n U/t'Ot,. 
0 . 2 H riMt^f . 0 . ) 5 M HaCl iiii^. S r»r^ f.jVr^ . 
t , ^ ^ntt j;^ L/c t: h I rt K n -^^ ^ 7?^ 

s 1 « K^J- L"C 5 t; r 2 4 h'MmI ;;i.|!f c ofw 

il'V 1 t h I R R H .V:'ir/,)^>' y 7-<- K n - 

K-t ^ 5^ ^ ^ vmn tr X 2 \%\ kxm i i-^i ktt^ 
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{^c^ vr^n ) tcTf;^-. m 5 mtitmmm:i 
3- v-r^t^^tmi-,. 



jjfaHgsg- 44399 



^FJiP.± ^ ^r- ffT 



10 20 30 40 50 



ACATTTCACCCCAGGGTCACCATCACCACACfiCCCG rCCT rCAGTACAGC 
TCT/ViAGrCCCGTCCCAGTCGTAfJTGGTCTCTGCCCACGAAGTCATGTCC 



CTACATCGACCTGAGAAGTCTGAGATC1 GACGACTCCGCCGTCTTTTACI 
GATGTACCrGGACrcrrCAGACTCTAGACT&CTCAGCCGGCACAAAATGA. 



CTGCGAAAAGTGACCCTTTTT&GAGTGATTATrATAACTTrGACTACTCG 
CACGCrTTTCACTCCGAAAAACCTCACTAATAATATTCAAACTCATCAGC 



TACACrTTGGACGTCTGGCCCCAACGCACCACGGTCACCGTCrCCTCAGC 
ATGTCAAACCTCCACACCCCCGTTCCCTCGTCCCAGTGGCACAGCACTCG 



CTCCACACACAGCCCATCCCTCTTCCCCTTCACCCGCTCCTGCAAAAACA 
GAGGTGTGTCTCGGCTAGGCAGAhGCGGAACTGCCCGACGACGTTTTTGT 



TTCCCTCCAATCCCACCTCCGTGACTCTGGGCTGCCTGGCGACCGCCTAC 
AAGCCACGTTACCGTG&ACCCACrGAGACCC&ACGCACCGCTGCCCGATG 



TTCCCGGAGCCCGTGATGGTGACCTGGGACACAGGCTCCCrCAAGGGGAC 
AAGGGCCTCGGCCACTACCACTGCACCCTGTGTCCGAGGCACTTGCCCTC 



AACTATGACCTTACCAGCCACCACCCTCACGCrCTCTGCTCACTATGCCA 
TTGATACTGGAATGGTCCGTG&TCGGAGTGCCAGAGACCACTGATACGGr 



CCATCACCrrGCTGACCCTCTCGGGTGCCTCGCCCAACCAGATCTTCACC 
GGTAGTCGAACGACTGGCAGAGCCCACCCACCCCCTTCGTCTACAACTGC 



TGCCCTGTGGCACACACTCCA rCCTCCACAGACTCGGTCGACAACAAAAC 
ACCGCACACCGTCTG rCACCTAGCACCTGTCTCACCCACCTCTTGTTTTG 
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% 1 m-(2) 



CTTCACCr.rC7GCTCCAGCGACTTCACCCCCCCCi*HC;CCTGAACATCTTAC 
GAAr.TCGCAGrtCGACGTCCCTCAAGTGCGGCGG&TGGCACTTCTAGAATC 



AGTCCTCCTCCCAfJGCCGGCGCGCACTTCCCCCCGACCATCCAGCTCCTG 
TCAGCAGGACCCTGCCCCCGCCCGTGAAGGCGGGCTGC TrtGCTCGAGCAC 



TGCCTCCTCTCTGGGTrtCACCCCAGGCACTATCAACATCACCTCGCTGGA 
ACGGAGCACAGACCCATGTGGGGTCCCTGATAGTTrTHr.TC&ACCCACCT 



CGACGGGCAGGrCATGCACGTGGACTTGrCCACCCCCTCTACCACGCAG& 
CC rGCCCGTCCAGTACCrCCACCTGAAGAGGTGGCCCAGATGGTCCGTCC 



AGGC ruAGC TGCCCTCCACAC AAAGCCAGC rCACCCTCAGCCAG AAGCAC 
TCCCACrc&ACCGCAGGTGTCTTTCGCTCGAGTGCGAGTCGCTCTTCGTG 



TGGCTCTCACACCGCACCTACACCTGCCAGGTCACCTATCAACCTCACAC 
ACCGHCAGTCTGGCGTGGATGrGCACGCTCCAGTCCArACTrCCAGTGTG 



CTTTGAGGACACCACCAAGAAGrGT&CAGATTCCAACCCGAGAGGGCTGA 
GAAACTCCTGTCGTCGrTCrTCACACGTCTAAGGTTGGGCTCTCCCCACr 



GnGCCTACCTAAGCCGGCCCAGCCCGTTCGACCTGTTCArCCGCAAGTCG 
CGCGGATGCATTCGGCCGGGrCGGGCAAGCTGCACAAGTACGCGlTCAGC 



CCCACGArCACCrGTCTGGrCGTGGACCTGGCACCCAGCAAGGGGACCGT 
GGGTGrTACTGGACAGArCACCAGCTGGACCGTGGGTCGTTCCrcrGGCA 



GAACCTGACCTGG nXGGCGCCAGTGC&AAGCCrGrGAACCACTCCACCA 
C f r G C AC 1 G G AC C A G G G ^ : C C G G T C ACC C Tl C GG AC AC f T G G 7 C A G G T GG T 



SB I 0-(3) 

to 20 30 40 50 



GAAAGCACCACAAGCAGCGCAATCGGACCTTAACCCTCACGTCCACCCTC 
CTrrCCTCCTCTTCCrCGCGTTACCGTGCAATTGGCAGTGCAGGTGGCAC 



CCCGTGGGCACCCGAGACTGGATCGACGGGGAGACCTACCACTGCAGGGT 
GGCCACCCGTCCCGTCTGACCTAGCTCCCCCTCTGGATGGTCACGTCCCA 



CACCCACCCCCfiCCTGCCCAGGGCCCTCATCCCGTCCACCACCAAGACCA 
CTGCGTCGGGGTCGACGGGTCCCGGGAGTACGCCAGGrGCTGGTTCTGGT 



CCGCCCCGCGTGCTGCCCCCGAACTCTATGCCTTTGCCACGCCGGAGTGG 
CCCCGCGCCCACCACCGGGCCTTCAGATACGCAAACCCTGCGGCCrCACC 



CCGCCGAGCCGCGACAAGCGCACCCTCGCCTGCCTCArCCAGAACTTCAT 
CCCCCCTC&GCCCTGTTCGCGTCGGAGCCGACGGfiCrAGGTCTTCAACTA 



GCCTCAGCACATCTCGGTGCAGTCGCTCCACAACGACGTCCACCTCCCGG 
CGCACTCCTCTACAGCCACCTCACCCACGTCTTCCTCCACCTCGACGCCC 



ACGCCCGGCACACCACGAGGCAGCCCCCCAAGACCAAGGGCTCCGGCTTC 
TCCCCCCCGTGrCGTGCTCCGTCGGGCCCTTCTCCTTCCCGAGGCCGAAC 



TTCCTCTTCAGCCGCCTGGAGGTGACCAGGGCCGAATGGGAGCAGAAAGA 
AAGCAGAAGTCGGCCGACCTCCACTGCTCCCGCCTTACCCTCGTCTTrcr 



TGACTTCATCTGCCGTCCAGTCCATGACCCACCCACCCCCTCACAGACCG 
ACTCAAGTACACGCCACGTCAGGTACTCCGTCCCTCCCGCAGTGTCrCGC 



w *f *^ « # 

TCCAGCGAGCCGTCTCrCTAAATCCCCCTAAATGA 
AGGTCCCTCCCCACAGACATTTACCGCCATTTACT 
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ARG PHE GLN GLY ARG VAL THR 
THP ALA TYF: MET A^-P LEU ARG 
VAL PHE TYR CYS ALA LY5" :yER 
A5N PHE A,VP T YR ^ER TYR THR 
THR VAL THR VAL 5ER ^'ER ALA 
PRO LEU THR ARC CYS CYS LY.V 
VAL THR LEU GLY CYS LEU ALA 
MET VAL THR TRP A^^P THR GLY 
LEU PRO ALA THR THR LEU THR 
SER LEU LEU THR VAL i'ER GLY 
CYS ARG VAL ALA HI^ THR PRO 
LY.V THR PHE ^^ER VAL CYS SER 
LYS ILE LEU GLN SEH SER CYS 
THR ILE GLN LEU LEU CYS LEU 
ILE A:JN ILE THR TRP LEU GLU 
LEU :rER THR ALA SEf< THR THR 
GLN .TER GLU LEU THR LEU SER 
THR TYR THR CYS GLN VAL THR 
SER THR LYS LYS CYS ALA A^P 
TYR LEU SER ARG PRO ^ER PRO 
FRO THR ILE THR CYJST LEU VAL 



MET THR ARC PtSf ALA :S'ER PHE SER 
SER LEU ARC SER ASf ASP SER ALA 
ASP PRO PHE TRP SER ASP TYR TYR 
LEU ASP VAL TRP CLY GLN GLY THR 
SER THR GLN SER PRO SER VAL PHE 
ASN ILE PRO SER ASN ALA THR SER 
THR GLY TYR PHE PRO GLU PRO VAL 
SER LEU ASN GLY THR THR HET THR 
LEU SER CLY HIS TYR ALA THR ILE 
ALA TRP ALA LYS GLN MET PHE THR 
SER SER THR ASP TRP VAL ASP ASN 
ARC ASP PHE THR PRO PRO THR VAL 
ASP GLY GLY GLY HIS PHE PRO PRO 
VAL SER GLY TYR THR PRO GLY THR 
ASP GLY GLN VAL MET ASP VAL ASP 
GLN GLU GLY GLU LEU ALA SER THR 
GLN LYS HIS TRP LEU SER ASP ARG 
TYR GLN GLY HIS THR PHE GLU ASP 
SER ASN PRO ARC GLY VAL SER ALA 
PHE ASP LEU PHE ILE ARG LYS SER 
VAL ASP LEU ALA PRO SER LYS GLY 



THR VAL ASN LEU THR 
HIS SER THR ARG LYS 
VAL THR SER THR LEU 
CLU THR TYR GLN CYS 
LEU MET ARG SER THR 
CLU VAL TYR ALA PHE 
LYS ARG THR LEU ALA 
ILE SER VAL GLN TRP 
ARG HIS SER THR THR 
PHE VAL PHE SER ARG 
LYS ASP GLU RHE ILE 
SER GLN THR VAL GLN 



^2Il|-(2) 

TRP SER ARG ALA SER 
GLU GLU LYS GLN ARG 
PRO VAL GLY THR ARG 
ARC VAL THR HIS PRO 
THR LYS THR SER GLY 
ALA THR PRO GLU TRP 
CYS LEU ILE GLN ASN 
LEU HIS ASN GLU VAL 
GLN PRO ARG LYS THR 
LEU GLU VAL THR ARG 
CYS ARG ALA VAL HIS 
ARG ALA VAL SER VAL 



CLY LYS PRO VAL ASN 
ASN GLY THR LEU THR 
ASP TRP ILE GLU GLY 
HIS LEU PRO ARG ALA 
PRO ARG ALA ALA PRO 
PRO GLY SER ARC A.VP 
PHE MET PRO GLU ASP 
GLN LEU PRO ASP ALA 
LYS GLY SER GLY PHE 
ALA CLU TRP GLU GLN 
GLU ALA ALA SER PRO 
ASN PRO GLY LYS ~ 
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# 3 m 



Hi Al T AI A1 HI T S T 



1 , 1, I M l " 



m 

Av B Av 



IT 



A Ht Ml 

J u. 



Ac B 



Hh Av Hh A» Hh 



Ac : Acc I 
At : Alu I 
Av : Avo IX 



B : Bgl [I 
Hh : Hha I 
Hi : Hinf I 



S : Sma I 
T : Toq I 



lOObp 



-(1) 



iJGGC'itir.GGGCGGCGCGAGriTTTCACGCCrtCGGTCACCAT&ACCACACAt^ 
CCCCCCGCCCCCCCCGCTCrAAACTCCCGTCCCAGTGGTACTGCTCTCTG 



GCG rCC ITCAGrACAGCCTACnrGCACCTGAGAAGTCTGAGATCTGACGA 
CGCAGGAAGTCATGTCCf^ATGTACCTGGACTCTTCACACTCTAGACTCCT 



CTCGGCCGTGrTTTACTGTGCGAAAACTCACCCTTTTTCGAGTCATTATT 
CAGCrGGCACAAAATGACACGCTTTTCACTCGCAAAAACCTCACTAATAfl 



ATArtCTTTGACTACrCCTACACTTTCGACCTCTCGGGCCAACCGACCACC 
TATTGAAACTGATGAGCATGrGAAACCTGCAGftCCCCCCTTCCCTGGTCC 



GTCACCGTCTCCTCAGCCTCCACACAGAGCCCATCCCTCTTCCCCTTGAC 
CAGTCGCAGAGGAGTCGGAGGTCTGTCTCGGCTAGCCAGAACCCCAACTG 



CCGCrCCrGCAAAAACATTCCCTCCAATCCCACCTCCCTCACTCTGCCCT 
CGCGACCACGTTTTTGTAAGGCAGCrrACGGTGCAGCCACTCACACCCGA 



GCCTGGCCACGGGCTACTTCCCCGACCCGGTCATGGTGACCTCCGACACA 
CGGACCGCTGCCCCATGAAGGCCCTCGCCCACTACCACTGGACCCTGTCT 



GGCTCCCTCAACGGCACAACTATGACCTTACCAGCCACCACCCTCACCCT 
CCGACCCACTTGCCCTGTTCATACTGGAATCCTCGCTGGTGCCACTCCGA 



CTCTGGTCArTAT&CCACCATCAGCTTCCTGACCGTCTCCCGTGCGTCGC 
GAGACCAGTGATACGCTCCTACTCCAACGACrGGCACACCCCACCCACCC 



CCAACCAGATGTrCACCrCCCCTCTCCCACACACTCCArCGTCCACACAC 
GGTTCCTCTACAAGTGCfiCCCCACACCCTCTGTGACCTA&CAGGTGTrTr. 
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TOGCTCC-ACAnCVi^^^ACCTTCACCCTCTCCTCCAGGfiACTTCrtCCCCGCC 
ACCCACC rGTTCTTTTCGrtA&TCCCAGACGAGGTCCCTGAAGTKCGGCr.Ci 



CACCGTCAACATCTTACAGTCCTCCTGCGACCGCGCCCCGCACITCCCCC 
CTGGCACTTCTAG An TG rC AGC AGCACCCTGCCGCCGCCCGTGAAGGGGC 



CGACCATCCAGC t CC TG rCCCTCGTCTCrGCGTACACCCCAGGGACTATC 
GCr&GTAGGTCGAGGACACGGACCAGAGACCCATGTCCGCTCCCTGATAG 



AACATCACCTGG CTGG AGGACCGGCAGGTCATCGACCTGGACTTCTCCAC 
TTGT AGTCGACCGACCTCCTGCCCGTCCAG TACCTGCACCTCAACAGGTG 



CGCCTCTACCACG*:AGGAGGG TGAGC rGGCCTCCACACAAAGCGACCrCA 
GCGGAGATGCTGCGTr;CTCCCACTCGACCGCAGCTGTCTTTCCCTCGAGr 



CCCTCACrCAGAAGCACTGGCTGTCAGAGCGCACCTACACCTGCCAGCTC 
GGGAGTCGGTCTrCGTGACCCACAGTCTCGCGTCCATGTGGACCCTCCAG 



ArCTATCAACGTCACACCrTTGAGGACAGCACCAAGAAGTGrGCAGATTC 
TGGATAGTTCCAGTG IGGAAACTCCTGTCGTGGTTCTTCACACGTCTAAG 



CAACCCGAGAGGGGTGAGrGCCTACCTAAGCCGGCCCAGCCCGTTCGACC 
CTTGGGCTCrrrCCAClCGCGCfiTGGATTCGGCCGGGTCCGGCAAGCTGG 



TGTTGArCCCCAAGrCCCCrACCArCACCTGTCTGGTGCTGGACCTGGCA 
ACAAGTAGGCGrTCAGCGGGTGCTACTGGACAGACCACCACCTCGAGCGT 



CCCAGCAAGCGGACCGTGArtCCTGACCTCGTCCCGGGCCAGTCGCAAGCC 
GGG rCGTTCCCrTGGCACTTGCACTGCACCAGCGCCCCGTCACCCTTCGG 



m4 0-(3) 

10 20 30 AO 



TGTGAACCACTCCACCAGAAAGCAGCACAAGCAGCGCAATGCCACGTrAA 
ACACTTCGTGAGGTCGrCTTTCCTCCTCTTCGTCGCGTTACCGTGCAATT 



CCGTCACGTCCACCCrCCCCGTGCGCACCCCAGACTCGATCGAGGGGGAC 
GGCAGTGCAGGTGGGftCGCCCACCCCTCGCCTCTCACCTAGCTCCCCCTC 



ACCTACCACTCCACCGTGACCCACCCCCACCTCCCCACCCCCCTCATGCG 
TGGATGGrCACGTCCCACTCGGTCGGCGTGGACCCGTCCCGGGAGTACGC 



GTCCACGACCAAGACCACCCCCCCCCGTGCTGCCCCCGAACTCTATCCGT 
CAGGTGCTGGTTCTCGTCGCCGGGCGCACGACCCGGCCTTCAGATACGCA 



TTGCCACGCCGGACTGGCCGGGGACCCGGGACAAGCCCACCCTCCCCTGC 
AACGCTGCGGCCTCACCGCCCCCTCGGCCCfCTTCGCGTCGGACCGGACG 



CrCATCCACAACTTCATCCCTGAGGACATCTCGGTGCAGTGGCTGCACAA 
G ACT AGGTCT TG A AG T ACG G ACTCC TGT AG AGCCACGTC ACCGACG TG TT 



CGAGGTCCAGCTCCCCGACCCCCCCCACACCACGACGCACCCCCGCAACA 
CC rCCACGTCG ACGGCCTGCGCCCCCTGrCCrGCTGCGTCGCCGCG T rCT 



CCAAGGGCTCCGGCTTCTTCCTCTTCACCCGCCTGGAGGTGACCAGGCCC 
GCTTCCCGAGCCCCAAGAACCAGAAGTCGGCGGACCTCCACTGGTCCCGC 



GAATGGGAGCACAAACATGACTTCATCTGCCCTGCA&TCCATGAGCCACC 
CTTACCCTCGTCTTTCTACTCAAGTAGACGGCACGTCAGGTACrCCGTCG 



CAGCCCCTCACAGACCGTCCACCCACCGGTGTCTGTAAArCCCCGTAAAT 
CTCCGCGACTCTCTCGCACCTCCCTCGCCACACACATTTACCCCCATTTA 
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10 



20 



30 



40 



50 



GACGTACTCCTGCCTCCCTCCCTCCCAGGGCTCCATCCAGCTGTGCAGTG 
CTGCATGAGGACGGAGGGAGGCAGGGTCCCGAGGTAGGTCCACACGTCAC 



1550- 



GGGAGGACTCGCCAGACCTTCTGTCCACTGTTCCAATGACCCCAGGAAGG 
CCCTCCTGACCGGTCTGGAAGAGAGGTGACAACGTTACTGGGGTCCTTCG 



1600 



TACCCCCAATAAACTGTGCCTGCTCAGAAAAAAAAAAAAAAAACCCCCCC 
ATGGGGGTTATTTGACACCGACGACTCTTTTTTTTTTTTTTTTGGGGGGG 



1650 



CCCCCCC 
GGGGGGG 



TOTAL NUMBER OF NUCLEOTIDE PAIRS = 



1 657 



5^ ^ 



^ 5 H 



P«H tl Amp 



P«l I \ \ Amp' 



-ffy'/- (CATCG&TGt 




Cio I >(? tti^ 
1200 bpW^l^ 

^4 AACCCCAT ^ 

- TTG0G6TAGC 
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1*B3a3r)9- 44399 (16) 



tP''" VAvoI) 
C»oI 



PslI 




PGET2 Pst I ^-i^ 
4S4- 



610 bp Wy)^' 



CCCTGCA 
GGG 



ON A ;rv*';y^-4rrx?.t.- 



7^yy- IGCATCGATGCJ 
Cla I J-^O^Jp 




CGATGCATTCC 
TACGTAAGG 



T4 ON A 'i /f-fc' 




1 H^?)^^ 
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SPECIFICATION 

1. Title of the Invention 

Novel DNA 

2. Extent of Claim for Patent 

(1) A DNA which contains the polynucleotide of the 
nucleotide sequence 831-1485 as shown in Figure 1. 

(2) A DNA according to Claim 1/ wherein the polynucleotide 
of the nucleotide sequence 490-830 as shown in Figure 1 or 

a fragment thereof is linked to the 5 Vend of the poly- 
nucleotide of the nucleotide sequence 831-1485 as shown in 
the same Figure • 

(3) A DNA according to Claim 2, wherein the polynucleotide 
of the nucleotide sequence 88-489 as shown in Figure 1 or 

a fragment thereof is linked to the 5' end. 

(4) A DNA according to Claim 3, wherein the polynucleotide 
of the nucleotide sequence 1-87 as shown in Figure 1 or 

a fragment thereof is linked to the 5' end. 

(5) A DNA according to any of Claims 1 to 4, wherein it 
has ATG at the 5* end without any reading frame shift. 

(6) A DNA according to Claim 1, which codes for the 
polypeptide of the amino acid sequence 278-494 as shown in 
Figure 2. 

(7) A DNA according to Claim 2, which codes for a poly- 
peptide wherein the polypeptide of the amine acid sequence 
164-277 as shown in Figure 2 or a fragment thereof is 
linked to the N terminus of the polypeptide of the amino 
acid sequence 278-494 as shown in the same Figure. 

(8) A DNA according to Claim 3^ which codes for a poly- 
peptide wherein the polypeptide of the amino acid sequence 
30-163 as shown in Figure 2 or a fragment thereof is linked 
to the N terminus of the polypeptide as defined in Claim 7. 

(9) A DNA according to Claim 4, which codes for a poly- 
peptide wherein the polypeptide of the amino acid sequence 
1-29 as shown in Figure 2 or a fragment thereof is linked 
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to the N terminus of the polypeptide as defined in Claim 8. 
CIO) A DNA according to any of Claims 1 to 9, which codes 
for a polypeptide having Met at the N terminus thereof. 

(11) A DNA according to any of Claims 1 to 10, which codes 
for a polypeptide equivalent in immunological or biological 
activities to the human immunoglobulin E H Chain. 

(12) A DNA according to any of Claims 1 to 11, which forms 
part of a recombinant DNA molecule. 

tl3) A DNA according to any of Claims 1 to 12, which is 
linked downstream from a promoter. 

(14) A DNA according to Claim 13, wherein the promoter is 
tryptophane promoter, 

(15) A method of producing a DNA containing a polynucleotide 
of the nucleotide sequence 831-1485 as shown in Figure 1, 
which comprises reversely transcribing a mRNA coding for 

the human immunoglobulin E H Chain. 

(16) A trans formant which contains a DNA containing a 
polynucleotide of the nucleotide sequence 831-1485 as shown 
in Figure 1. 

(17) A transforraant according to Claim 16, which is 
Escherichia coli . 

(18) A method of producing a polypeptide of or equivalent 
in immunological or biological activities to the human 
immxinoglobulin E H chain, which comprises growing a 
transformant which contains a DNA containing a polynucleotide 
of the nucleotide sequence 831-1485 as shown in Figure 1, 
accumulating the polypeptide of or equivalent in immunological 
or biological activities to the human immunoglobulin E H 
chain and recovering the same. 



3. Detailed Description of the Invention 
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This invention relates to a novel DNA. More particiilarly , 
this invention relates to a DNA containing a polynucleotide 
which codes for the human immunoglobulin E H-chain poly- 
peptide, to a trans formant carrying said DNA, and to a 
method for producing the human immunoglobulin E H-chain 
polypeptide by the cultivation of said transformant . 

Immunoglobulins, which are present in animal body 
fluids and are closely associated with antibodies, consist 
of H (heavy) chains and L (light) chains. Each chain 
comprises the V region, which is determinative of the 
binding specificity with antigen, and the C region, which 
is determinative of the effecter function. On the basis 
of the constituents of the H chains, immunoglobulins (Ig) 
are classified into 5 classes, namely A, D, G, M and E. 

Among them, immunoglobulin E (hereinafter referred 
to as IgE) , which constitutes reagin, has a molecular 
weight of 196,000 daltons and consists of two 75,000- 
dalton H chains and two 22, 500-dalton L chains (in the case 
of human IgE) , the chains being linked together by di- 
sulfide bond. The C region of the H chain of IgE comprises 
four sites, CHI to CH4, and two H chains are linked to- 
gether at CH2 by disulfide bonds. IgE is in charge of 
important biological reactions, such as allergic reactions. 
For instance, it is known that allergic reactions are 
induced by binding of specific antigen-bound IgE to 
sensitized mast cells or basophilic cells [K* Ishizaka and 
T. Ishizaka, Immunological Rev. , 41, 109 (1978)]. 
Therefore, for the purpose of suppressing allergic re- 
actions, the use of an IgE molecule having no antigen- 
binding site has been proposed. However, many problems 
remain unsolved with respect to a variety of in vivo 
reactions induced by IgE. One reason is that a sufficient 
quantity of human IgE cannot be supplied. 
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On the other hand, the anti-IgE antibody is an 
essential material in the diagnosis of allergic diseases 
and is demanded in very large quantity. For its pro- 
duction, however, the purified human IgE is required in 
large quantity. For this and other reasons, development 
of a technique capable of producing the human IgE on large 
scale and at low cost has been waited for. 

In a so-far proposed method of producing IgE, the 
supernatant of a culture of human IgE-producing myeloma 
cells of an established line is treated for the separation 
of IgE followed by purification. However, said method 
involves cell culture and the cell growth rate is low. 
For these and other reasons, it is difficult to obtain a 
large quantity of IgE at low cost. 

The present inventors have already succeeded in 
isolating a human IgE-encoding mRNA from cells (Japanese 
Patent Application No, 120,555/1981 filed July 30, 1981). 

With the above mRNA, the present inventors continued 
their research with use of the technology of gene manipula- 
tion so that they could develop a 

technology of producing the hiaman IgE H chain polypeptide 
by cloning the gene coding for the human IgE H chain poly- 
peptide and introducing the thus-obtained recombinant DNA 
molecule into a host organism, and, as a result, they have 
completed the present invention. 

Thus, the present invention provides a DNA which 
contains a polynucleotide coding for the human IgE H-chain 
polypeptide, a transformant carrying said DNA, and a 
method of producing the human IgE H-chain polypeptide or a 
polypeptide equivalent thereto in immunological or bio- 
logical activities, which comprises growing the trans- 
formant carrying said DNA. 

The DNA provided by the present invention is a DNA 
containing a polynucleotide having the nucleotide sequence 
shown in Figure 1. 

Referring to Fig. 1, the polynucleotide of the 



nucleotide sequence 831-1485 codes for a polypeptide of 
the amino acid sequence 278-494 as shown in Fig, 2. Thus, 
it codes for CH3-CH4 of the human IgE H-chain. 

The polynucleotide of the nucleotide sequence 490- 
1485 as shown in Fig. 1 codes for a polypeptide of the 
amino acid sequence 164-494 as shown in Fig. 2, hence 
CH2-CH4 of the human IgE H-chain. 

The polynucleotide of the nucleotide sequence 88- 
1485 as shown in Fig. 1 codes for a polypeptide of the 
amino acid sequence 30-494 as shown in Fig. 2. Said 
polypeptide covers the CH1-CH4 polypeptides of the human 
IgE H-chain. 

Similarly, the polynucleotide of the nucleotide 
sequence 1-1485 as shown in Fig. 1 codes for a polypeptide 
of the amino acid sequence 1-494 as shown in Fig. 2. 
Said polypeptide includes the human IgE H-chain CH1-CH4 
polypeptides. 

For the direct expression, the above-mentioned 
polynucleotides may possess the codon ATG at the 5 '-end 
thereof without reading frame shift. In that case, said 
polynucleotides code for polypeptides possessing Met at 
the N- terminus thereof. 

The above-mentioned polynucleotides, with or without 
ATG at the 5 '-end thereof without reading frame shift, are 
preferably linked at a site downstream from a promoter. 
The promoter includes, among others, the tryptophan 
synthesis ttrp) promoter, rec A promoter and lactose 
promoter. Among these, the trp promoter is preferable. 

Table 1 gives the definition of each symbol as used 
in the present specification, drawing and claims. 

Table 1 

DNA = deoxyribonucleic acid 

cDNA = complementary deoxyribonucleic acid 

RNA = ribonucleic acid 

mRNA = messenger ribonucleic acid 
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A 




deoxy adenylate 


T 




thymidylate 


G 




deoxyquanylate 


C 




deoxy cy tidy late 


U 




uridylate 


dATP 




deoxyadenosine triphosphate 


dTTP 




thymidine triphosphate 


dGTP 




deoxy guanos ine triphosphate 


dCTP 


— 


deoxycytidine triphosphate 


ATP 


— 


adenosine triphosphate 


EDTA 




ethylenediamine tetraacetate 


SDS 




sodium dodecyl sulfate 


GXy 




glycine 


Ala 




alanine 


vox 




va 1 i^ne 


Lgu 




leucine 


lie 




i so leucine 


Ser 




serine 


Thr 




threonine 


Cys 




cysteine 


Met 




methionine 


Glu 




glutamic acid 


Asp 




aspartic acid 


Lys 




lysine 


Arg 




arginine 


His 




histidine 


Phe 




phenylalanine 


Tyr 




tyrosine 


Trp 




trypotophan 


Pro 




proline 


Asn 




asparagine 


Gin 




glutamine 


bp 




base pair (s) 



In the present invention, a double-stranded DNA 
coding for the human IgE H-chain polypeptide can be 
produced by synthesizing a single-stranded cDNA using the 
mRNA coding for the human IgE H-chain polypeptide 
as produced by the method disclosed in Japanese Patent 
Application No, 120,555/1981 or a modification thereof as the 
template together with reverse transcriptase, for instance, 
then converting the cDNA to the double-stranded form, 
digesting the double-stranded DNA with an enzyme (exonu- 
clease, endonuclease) , adding an adapter to the digestion 
product, inserting the resulting product into a plasmid, 
introducing the plasmid into Escherichia coli, for instance, 
growing the thus-obtained transformant and isolating the 
cDNA-containing plasmid. 

The mRNA to be used in the above process can be 
produced, for example, in the following manner. 

Human myeloma cells of the established cell line 
U266, which are capable of producing human IgE, are culti- 
vated, the proliferated cells are harvested by centrifu- 
gation, washed, for instance with physiological saline, 
and lysed in a denaturing solution, for instance N- 
laurylsar cosine buffer, with heparin, diethyl pyrocarbo- 
nate, etc. added, and an RNA fraction is collected in the 
conventional manner by, for excimple, layering the lysate 
onto 5.7 M CsCl solution followed by centrif ugation and 
extraction with phenol. Then, polyadenylic acid-containing 
RNAs are separated using oligo (dT) -cellulose, poly(U)- 
Sepharose or the like. The subsequent sucrose density 
gradient centrif ugation gives the mRNA. 

Using the thus-obtained mRNA as the template, a 
single-stranded cDNA is synthesized by any method known 
per se with the use of reverse transcriptase, and the cDNA 
is further converted to the double-stranded form iManiatis, 
T. et al., Cell, 8, 163 (1976)J . 

The double-stranded DNA is inserted into pBR 322 at 
the PstI or SphI restriction endonuclease cleavage site 
by, for example, the dG-dC or dA-dT homopolymer tailing 
method [Nelson, T. S., Methods in Enzymology, 68, 41 
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(1979), Academic Press Inc., New York]. Escherichia coli 
strain xl776, for instance, is transformed with the result- 
ing recombinant plasmid. An adequate transformant can be 
selected on the basis of the tetracycline or ampicillin 
resistance. 

The structural gene fragment for the human IgE H- 

chain has already been cloned [Nishida et al., Proc. Natl. 

Acad. Sci. USA, 79, 3833 (1982)], and its base 

sequence has been partially analyzed. This gene fragment 

(gift from Prof. Tasuku Honjo of Osaka University, Faculty 

32 

of Medicine) is labelled with P by, for example, the 
nick translation method iRigby, P. W. J. et al., J. Mol. 
Biol., 113 , 237 (1977)] or, alternatively, an oligo- 
nucleotide having the nucleotide sequence supposedly 
corresponding to the amino acid sequence of the human IgE 

H-chain polypeptide is synthesized chemically and labelled 
32 

with P. With the labelled product as the probe, the 
desired clone is secondarily screened out from among the 
already obtained tetracycline- or ampicillin-resistant 
transf ormants by the per se known colony hybridization 
method iGrunstein, M. and Hogness, D. S., Proc. Natl. 
Acad. Sci. USA, 72, 3961 (1975)J . The nucleotide sequence 
of the clone which gives a positive result in the above 
colony hybridization is determined by, for example, the 
method of Maxam-Gilbert iMaxam, A. M. & Gilbert, W., Proc. 
Natl. Acad. Sci. USA, 74, 560 (1977)3 or the dideoxy- 
nucleotide synthetic chain termination method using phage 
M13 {Messing, J. et al.. Nucleic Acids Res., 9, 309 (1981)], 
whereby the presence of the gene coding for the human IgE 
H-chain polypeptide can be confirmed. Then, the human 
IgE H-chain polypeptide-encoding gene can be cut out 
wholly or partly from the clone obtained and can be linked 
at a site downstream from an adequate promoter, the SD 
(Shine and Dalgarno) sequence and the translation start 
codon ATG, for introduction into an adequate host organism. 
The gene or part thereof can also be inserted into within 
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an adequate structural gene (e.g« B-lactamase gene or 
anthranilate synthetase gene) as inserted in a plasmid. 
In that case, the expression product is a chimera poly- 
peptide coupled with the whole or part of the structural 
gene product. 

The promoter includes those mentioned hereinabove, 
and the host organism includes bacteria such as Escherichia 
coli and Bacillus subtilis , among which Escherichia coli 
(e.g. strain 294, strain W3110) , particularly strain 294, 
is preferred. 

The strain 294 is a known strain [Backman, K. et al., 
Proc. Natl. Acad. Sci. USA, 73, 4174 (1976)] and has been 
deposited with the Institute for Fermentation, Osaka under 
deposit No. IFO-14171. 

The transformation of a host organism with the DNA 
in the present invention is performed, for example, by the 
known method [Cohen, S. N. et al., Proc. Natl. Acad. Sci. 
USA, 69, 2110 (1972) J . 

The thus-obtained transformant is cultivated in a 
per se known medium. 

The medium is, for example, glucose- and Casamino 
acids-containing M9 medium {Miller, J., Experiments in 
Molecular Genetics, 431-433 tCold Spring Harbor Laboratory, 
New York, 1972)J . An agent such as 3e-indolylacrylic acid 
may be added as necessary for increased promoter efficiency. 

The cultivation is generally conducted at 15-4 3®C 
for 3 to 24 hours. Aeration and/or stirring may be made 
as necessary. 

After cultivation, cells are harvested by the known 
method and, for instance after suspending in a buffer, 
destructed by, for example, treatment with lysozyme or a 
surface active agent or ultrasonic treatment, followed by 
centrifugation to give a supernatant. 

The htiman IgE H-chain polypeptide can be isolated 
from said supernatant by any of the generally known methods 
of purifying proteins, more advantageously by anti-human 
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IgE antibody column chromatography. 

The human IgE H-chain polypeptide or a polypeptide 
equivalent thereto in immunological or biological activi- 
ties as produced in the present invention is equivalent in 
immunological or biological activities to the human IgE 
H-chain polypeptide produced by the conventional method 
and can be used for the same purpose and in the same manner 
as the case where the conventional product is used. 

Reference Example Isolation of human IgE- encoding mRNA 

(1) Cultivation of U-266 cells 

Human myeloma cells of the established cell line 
U-266 [Immunology, 3£, 63 (1979) J (2.5 x 10^ cells/ml) 
were cultivated in 500 ml of RPMI-1640 (Roswell Park 
Memorial Institute) medium with 10% fetal calf serum and 
0.1 mg/ml each of penicillin and streptomycin (Takeda 
Chemical Industries) in a roller bottle at 37 ^'C for 3 days. 

(2) Preparation of polyadenylic acid-containing RNA 

The total RNA extraction from U-266 cells was per- 
formed mainly by the method of Glisinet al. [Biochemistry/ 
13, 2633 (1974)]. Thus, U-266 cells after 3 days of were 
collected by centrifugation at 2,500 revolutions per minute 
for 5 minutes using a Sorvall centrifugal rotor GSA, sus- 
pended in physiological saline and again centrifuged at 2,500 
revolutions per minute for 5 minutes for effecting cell washing. Five to 
ten volumes of 4% N-laurylsarcosine buffer (Wako Pure 
Chemical Industries) [2 mg/ml heparin (Wako Pure Chemical 
Industries), 0.2% diethyl pyrocarbonate (Tokyo Kasei) , 
0.01 M Tris-HCl, pH 7. 6 J was added to the cells, and the 
cells were mashed 15-20 times using a 30-ml Teflon homo- 
genizer. To the resulting solution was added CsCl to a 
concentration of 0.5 g/ml, and the solution was layered on 
7 ml of 5.7 M CsCl in a centrifugal tube for use in a 
Spinco SW27 rotor and centrifuged at 26,000 revolutions 
per minute for 20 hours for RNA sedimentation. The super- 
natant in the tube was sucked off, the upper part of the 
tube was cut off so as to leave the lower part thereof 
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(about 2 cm long) , and the RNA sediment was dissolved in 
0.4% N-lauroylsarcosine buffer. NaCl was added to the 
solution to a concentration of 0.2 M, and RNAs were 
precipitated at -20«C by adding cold ethanol to a final 
concentration of 70%. 

(3) Fractionation by oligo (dT) -cellulose column chromato- 
graphy 

The ethanol-precipitated RNAs were collected by 
centrifugation on a Spinco SW27.1 rotor at 20,000 re- 
volutions per minute for 20 minutes, and then dissolved 
in 10 ml of 10 mM Tris-HCl (pH 7.6)"0.5 M NaCl-1 mM EDTA- 
0.5% SDS buffer. A 10 cc syringe was packed with 4 ml 
(4 cm high) of oligo (dT) -cellulose dissolved in the same 
buffer. The above RNA solution was passed through this 
column and the eluent was again passed through the column 
to adsorb polyadenylic acid-containing RNAs. The column 
was washed with the same buffer until the ultraviolet 
absorption at 260 nm was no more detected, whereby un- 
adsorbed RNAs were washed away. The polyadenylic acid- 
containing RNAs were then eluted from the colinnn with 10 mM 
Tris-HCl (pH 7,6)-l mM EDTA-0.3% SDS buffer (1 ml/fraction) 
while following the RNAs based on the absorption at 260 nm 
(O.D.). The RNA fractions were pooled and subjected to 
ethanol precipitation at -20*»C. 

(4) Fractionation by sucrose gradient centrigugation. 

About 2 mg of the polyadenylic acid-containing RNAs 
obtained by the above procedure was layered on 10-30% 
sucrose density gradient solution in 0.05 M NaCl-0.01 M 
EDTA-0.01 M Tris-HCl (pH 7.6).0.2% SDS buffer, and centri- 
fuged at 24,000 revolutions per minute and at 20**C for 
22 hours using an SW27 rotor. Thereafter, the contents 
were divided into 40 fractions and, for each fraction, the 
absorption at 260 nm (O.D.) were measured. The fractions 
were pooled by fives with an about 18S fraction at the 
center and subjected to ethanol precipitation. In this 
manner, the desired mRNA was obtained. 
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Example 1 

(i) Synthesis of single-stranded DNA 

A mixture of 5 yg of the mRNA as obtained in the above 
Reference Example, 100 units of. reverse transcriptase 
(Life Science) and 100 yl of reaction mixture (5 yg of 
oligo(dT), 1 mM each of dATP, dCTP, dGTP and dTTP, 8 mM 
MgCl^, 50 mM KCl, 10 mM dithiothreitol, 50 mM Tris-HCl, 
pH 8,3] was incubated at 42^C for an hour, then deprotein- 
ized with phenol, and treated with 0.1 N NaOH at 70 °C for 
20 minutes for decomposing and removing the RNA. 

(ii) Synthesis of double-stranded DNA 

The thus-synthesized single-stranded complementary 
DNA was maintained in 50 yl of a reaction mixture (the same 
reaction mixture as above except for the absence of the 
mRNA and oligo(dT)] at 42^C for 2 hours, whereby a double- 
stranded DNA was synthesized. 

(iii) Addition of dC tail 

This double-stranded DNA was subjected to the reaction 
of 60 units of nuclease Si (Bethesda Research Laboratories) 
in 50 yl of a reaction mixture (0.1 M sodium acetate, pH 
4.5, 0.25 M NaCl, 1.5 mM ZnSO^) at room temperature for 
30 minutes. The reaction mixture was then deproteinized 
with phenol, and the DNA was precipitated with ethanol. 
The DNA was subjected to the reaction of 30 units of terminal 
transferase (Bethesda Research Laboratories) in a reaction 
mixture [0.14 M potassium cacodylate, 0.3 M Tris (base), 
pH 7.6, 2 mM dithiothreitol, 1 mM CoCl2r 0.15 mM dCTP] at 
37**C for 3 minutes, whereby about 20 deoxycytidylates were 
linked to each 3 '-end of the dotable-stranded DNA. The 
above series of reactions gave about 300 ng of a deoxy- 
cytidylate chain-bearing double-stranded DNA. 

(iv) Cleavage of Escherichia coli plasmid and addition of 
dG tail 

Separately, 10 yg of Escherichia coli plasmid 
pBR322 DNA was subjected to the reaction of 20 units of 
the restriction enzyme PstI in 50 yl of a reaction mixture 
150 mM NaCl, 6 mM Tris.HCl (pH 7.4), 6 mM MgCl2/ 6 mM 
2-mercaptoethanol, 100 yg/ml bovine serum albumin] at 37*^0 
for 3 hours, whereby the pBR322 DNA was cleaved at the 
PstI recognition site. After deproteinization with phenol, 
the cleavage product was further subjected to the reaction 
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of 30 units of terminal transferase in 50 yl of a reaction 
mixture [0,14 M potassium cacodylate, 0.3 M Tris (base), 
pH 7*6, 2 mM dithiothreitol, 1 mM CoCl^/ 0.15 mM dGTP] at 
37**C for 3 minutes, whereby the above plasmid pBR322 DNA 
was extended by about 8 deoxyguanylates at each 3 '-end* 

(v) Annealing of cDNA and Escherichia coli plasmid and 
transformation of Escherichia coli 

The thus-obtained synthetic double-stranded DNA 
(0.1 yg) and the above plasmid pBR322 (0.5 \xg) were 
annealed together by heating in a solution comprising 0.1 
M NaCl, 50 mM Tris-HCl, pH 7.6, and 1 mM EDTA at 65**C for 
2 minutes and then at 45**C for 2 hours, followed by slow 
cooling. The transformation of Escherichia coli xl776 was 
performed according to the method of Enea et al. [J. Mol. 
Biol., 96, 495 (1975) J . 

(vi) Isolation of cDNA-containing plasmid 

In this way, 1445 tetracycline -resistant colonies 
were isolated. The DNA of each of them was fixed on a 
nitrocellulose filter (vide supra) . 

Separately, the gene fragment corresponding to the 

human IgE H-chain polypeptide (vide supra) was labelled 
32 

with P by the nick translation method (vide supra). 

The DNA (0.2 yg) was treated in 25 yl of a reaction 

mixture 150 mM Tris-HCl, pH 7.5, 5 mM MgCl^, 1 mM 6- 

32 

mercaptoethanol, 10 yCi a- P-dATP, 0.4 ng bovine pan- 
creatic DNase I (Werthington) J at room temperature for 
2 minutes. Then, 25 units of Escherichia coli DNA poly- 
merase I (Boehringer Mannheim) was added and the reaction 
was conducted at 15*^0 for 30 minutes • Purification by 

extraction with phenol and precipitation with ethanol gave 
32 

a uniformly P-labelled DNA, 
32 

With this P-DNA as the probe, this was annealed 
with the DNA fixed on the nitrocellulose filter according 
to the method of Lawn et al. [Nucleic Acids Res., 9, 6103 
(1981) J. As a result of autoradiography,, 9 colonies 
responding to the probe were isolated and named pGET 1 to 
9 , respectively . ^ 

The plasmid DNA was isolated from cells of each of 
these colonies by the method of Birnboim-Doly [Birnboim, 
H. C. and Doly, J., Nucleic Acids Res. 7, 1513 (1979)]. 
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Then, tJie insert was cut out from the plasmid DNA using 
the restriction enzyme PstI, whereby, among the plasmids 
separated, pGET2 DNA was found to contain the longest 
insert. Accordingly, the pGET2 DNA was selected for 
further use. 

The restriction enzyme cleavage map of the cDNA 
inserted in this plasmid is as shown in Fig. 3. The 
primary structure (nucleotide sequence) of the cDNA se- 
quence as inserted in the pGET2 plasmid was determined by 
the dideoxynucleotide synthetic chain termination method 
and by the method of Maxam-Gilbert . The nucleotide se- 
quence thus determined is as shown in Fig. 4. The poly- 
nucleotide of the nucleotide sequence 18-1502 as shown in 
Fig. 4 corresponds to the polynucleotide as shown in 
Fig. 1. 

The amino acid sequence which this nucleotide 
sequence codes for, when there is no reading frame shift, 
is approximately equal to the amino acid sequence of the 
IgE H-chain polypeptide as reported by Dorrington et al. 
{Immunological Rev., 41_, 3 (1978)]. This confirms that 
the cDNA inserted in pGET2 codes for the IgE H-chain poly- 
peptide. This cDNA begins with the codon coding for the 
63th amino acid in the V region of the IgE H-chain as 
reported by Dorrington et al. (vide supra) , hence wholly 
codes for the C region. Furthermore, it is believed that 
it retains the whole structure on the 3 '-end side of the 
mRNA, inclusive of non-coding regions , since the poly (A) 
structure is present. 

Therefore, the C-region polypeptide which carries 
the antigenicity of human IgE can be produced by adding 
the translation start codon ATG to the 5 '-end of the 
nucleotide sequence inserted in the above plasmid, without 
reading frame shift, followed by insertion into another 
expression plasmid and transformation of Escherichia coli , 
for instance, therewith. 
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* Example 2 

The insert in the plasmid pGET2 as obtained in 
Example 1 was cut out using the restriction enzyme Pstl. 
This DNA fragment (2 yg) was partially digested from both 
ends under the reaction of 2 units of nuclease Bal 31 [New 
England Biolabs; Gray et al.. Nucleic Acids Res., 2, 1459 
(1975) J in 60 \il of a reaction mixture (20 mM Tris-HCl, 
pH 8.0, 0.6 M NaCl, 12 mM CaCl2/ MgCl^, 1 mM EDTA) 

at 30 °C for 1 minute. 

The DNA was extracted from the reaction mixture with 
phenol and purified by precipitation with ethanol, and 
then joined with the adapter ^'cATCGATG^', which contains 
the translation start codon and restriction enzyme Clal- 
recognition site, using T4 DNA ligase (New England Biolabs). 

Separately, the plasmid ptrp771 as an expression 
plasmid (the vector being pBR322) , which contains an 
Escherichia coli trp promoter portion {promoter- and 
operator-containing 276 bp DNA fragment; Bennett, G. N. 
et al., J. Mol. Biol. , 121 , 113 C1978)J, was constructed 
according to the method disclosed in Japanese Patent Appli- 
cation No. 57-85280/1982. 

This expression plasmid ptrp771 was cleaved with 
the restriction enzyme Clal. Thereinto, at the cleavage 
site, inserted was the above-mentioned pGET2 insert DNA- 
adapter joining product, which also had been cleaved with 
Clal, with the use of T4 DNA ligase (Fig. 5). Using the 
reaction product, Escherichia coli 294 was transformed 
according to the method of Cohen et al. (vide supra). 



4 
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There were obtained a large number of colonies containing 
plasmids differing in the nuclease Bal 31 digestion region. 

Human IgE H-chain polypeptide-producing colonies 
were selected from among the thus-obtained colonies by 
the colony immunoassay method jKemp, D. J. and Cowman, 
A. F., Proc. Natl. Acad. Sci. USA, 78, 4520 (1981)]. 
Thus, the colonies grown on a nitrocellulose filter were 
lysed by contacting with a 0.1 M NaHCO^-0.1% Triton XIOO- 
lysozyme (200 yg/ml) solution and directly transferred 
onto a cyanogen bromide-activated filter paper (Whatman 
No. 540) for fixation of the colonies on the filter paper. 
The filter paper was reacted with goat antihuman IgE 
antibody (Miles) , then washed with a washing solution 
(50 mM Tris-HCl, pH 8.0, 0.5 M NaCl, 0.1% Triton XlOO, 
1% bovine seriora albumin) , and further reacted with I- 
labelled protein A (RCC Amersham, Great Britain) . After 
the reaction, the filter paper was washed well and 
aut ©radiographed . 

The plasmid contained in the colony that reacted 
most, positively with the anti-human IgE antibody in the 
above assay was named pGETtrpl04. This plasmid was ex- 
tracted from cells by the method of Birnboim-Doly (vide 
supra) . The nucleotide sequence coding for the hximan IgE 
H-chain, which was inserted in ptrp771 and now existing 
in this PGETtrpl04, was determined by the dideoxynucleotide 
synthetic chain termination method (vide supra) . It was 
revealed that the human IgE H-chain polypeptide-encoding 
polynucleotide starting with the codon for the 92nd amino 
acid (according to the report by Dorrington) is located 
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following the translation start codon without reading 
frame shift and that the poly (A) structure at the end of 
the mRNA structure is retained on the 3 '-end side (Fig. 4) 
Escherichia coli 294/pGETtrpl04 has been deposited with the 
Institute for Fermentation, Osaka under deposit No* IFO 14284 • 

Example 3 

(i) From the plasmid PGET2 as obtained in Example 1, the 

insert was cut out with the restriction enzyme Pstl. This 

DNA fragment was further cleaved with the restriction 

enzyme Sail. There was thus obtained an about 1,150 bp 

DNA fragment having the Sail site at one end and the Pstl 

site at the other. The single-stranded cohesive DNA 

terminus at the Sail site of this DNA fragment was filled 

in with Escherichia coli DNA polymerase I large fragment 

and the DNA fragment was joined with the adapter 
5 ' 3 * 

GCATCGATGC containing the translation start codbn and 
restriction enzyme Clal recognition site with the use of 
Ti DNA ligase (New England Biolabs) . The joining product 
was cleaved with the restriction enzyme Clal and then 
joined with the expression plasmid ptrp771 cleaved in 
advance with the restriction enzymes Clal and Pstl, with 
the use of T4 DNA ligase (Fig. 6). The above series of 
reactions resulted in construction of a human IgE H-chain 
polypeptide expression plasmid, pGETtrp302, containing 
the translation start codon and the Leu-encoding codon 
CTC newly introduced without reading frame shift at a site 
downstream from the trp promoter, and coding for the human 
IgE H-chain polypeptide starting from the oodan for the 218th amino 
acid according to the report of Dorrington. Escherichia 
coli 294 was transformed with this expression plasmid 
according to the method of Cohen et al. to give a desired 
strain carrying the plasmid pGETtrp302. 

(ii) From the plasmid pGET2 as obtained in Example 1, the 
insert was cut out with the restriction enzyme Pstl. This 
DNA fragment was further cleaved with the restriction 



enzyme Hinfl. There was thus obtained an about 810 bp 
DNA fragment with the Hinfl site at one end and the PstI 
site at the other. 

The single-stranded cohesive DNA terminus at the 
Hinfl site of this DNA fragment was filled in with 
Escherichia coli DNA polymerase I large fragment (Bethesda 
Research Laboratories) so as to render the end blunt, and 
then the DNA fragment was joined with the same adapter as 
used in Example 3"(i), i.e. ^ ' GCATCGATGC^ \ with the use 
of T4 DNA ligase. 

The joining product was cleaved with the restriction 
enzyme Clal and joined with the expression plasmid ptrp771 
cleaved in advance with the restriction enzymes Clal and 
PstI, with the use of T4 DNA ligase (Fig. 6)- The above 
series of reactions resulted in construction of a human 
IgE H-chain polypeptide expression plasmid, pGETtrp410, 
containing the translation start codon and the codon CAT 
for His at a site downstream from the trp promoter, and coding 
for the human IgE H-chain polypeptide starting with the codon 
for the 331st amino, acid according to Dorring ton without 
reading frame shift. Escherichia coli 294 was transformed 
with this plasmid according to the method of Cohen et al. 
to give a desired strain carrying the plasmid pGETtrp410» 

Example 4 

The IgE H-chain expression plasmid-carrying strains 
as obtained in Examples 2 and 3 were cultivated in 20 ml 
of M9 meditim containing 1% glucose and 0.4% Casamino 
acids at 37^C for 4 hours. Then, indolyl acrylic acid was 
added to a concentration of 30 yg/ml, and the cultivation 
was continued at 37**C for 3 hours. Cells were harvested, 
washed with saline, and lysed by suspending in 0.5 ml 
lysing solution (10 mM Tris-HCl, pH 8.0, 10 mM EDTA, 



0.2 M NaClr 1 mMphenylmethylsulfonyl fluoride^ 0.02% 
Triton XlOO, 0.1 mg/ml lysozyme) and allowing the suis- 
pension to stand at Q^^C for 45 minutes and then at 37'*C 
for 2 minutes. The lysate was further subjected to slight 
(30-second) xintrasonic treatment for breaking celluler 
DNAs which were dissolved. The lysate was then centrifuged 
at 4^C at 15,000 rpm (Sorvall SS34 rotor) for 30 minutes. 
The thus-obtained supernatant was assayed for IgE activity 
by the RIST method (vide supra) using an IgE assay kit 
(IgE Test-Shionogi; Shionogi) . 

The results are shown in Table 2 . The strain carry- 
ing pGETtrp302 produced the human IgE H-chain polypeptide 
at the highest rate (480 ng/ml extract) . 

Table 2 



_ ^ . IgE H-chaxn production 

Trans formant / / t 1 *.\ 

(ng/ml extract) 

_E. coli 294 (ptrp771) 0 

coli 294 (pGETtrpl04) 84 

E. coli 294 (pGETtrp302) 480 

E* coli 294 (pGETtrp410) 48 



Example 5 

Anti-human IgE monoclonal antibody was bound to a water- 
insoluble carrier Affigel 10 (Bio-Rad) by the method described 
in Reference Example 2 of Japanese Patent Application 
No. 19,324/1981. 

5 ml of the extract from pGETtrp3 02 -carrying cells 
as obtained in Example 4 was treated on a 1-ml column of 
the anti-human IgE monoclonal antibody-Af f igel 10. 
The column was washed with 50 ml 

of PBS (20 mM phosphate buffer, pH 6.8, 0.15 M NaCl) 
containing 20% dextrose, and the human IgE H-chain ad- 
sorbed on the column was eluted from the column with 5 ml 
of 0.2 M acetic acid-0.15 M NaCl solution. The eluate 
was immediately neutralized, and dialyzed against 1 liter 
of PBS at 5*C for 24 hours. This procedure gave the human 
IgE H-chain polypeptide in a purity of not lower than 80% 
at a recovery rate of about 50%. 
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4. Brief Description of the Drawings 

Fig. 1 illustrates the nucleotide sequence coding for 
the human IgE H-chain polypeptide. Fig. 2 illustrates the 
amino acid sequence corresponding to the nucleotide sequence 
shown in Fig. 1, Fig. 3 shows the restriction enzyme map for 
the cDNA in pGET2 as obtained in Example 1, and Fig. 4 
illustrates the primary structure (nucleotide sequence) of 
said CDNA. Fig. 5 shows the construction scheme in Example 
2, and Fig. 6 shows the construction scheme in Example 3. 
The portion indicated by ■ / ; ; r ^ r ■ represents the human IgE 
H chain-encoding fragment. 



Agent, Registered Patent 
Attorney: Sakuji Amai 



4 . 21 . 

I 

Figure 1 



10 20 30 40 30 



AGATTTCAGCCCAGGGTCACCATGACCAGAGACGCGTCCTTCAGTACAGC 50 
TCTAAAGTCCCGTCCCAGTGGTACTGGTCTCTGCGCAGGAAGTCATGTCG 

CTACATGGACCTGAGAAGTCTGAGATCTGACGACTCGGCCGTGTTTTACT 100 
GATGTACCTGGACTCTTCAGACTCTAGACTGCTGAGCCGGCACAAAATGA 



^ if * ^ * 

GTGCGAAAAGTGACCCTTTTTGGAGTGATTATTATAACTTTGACTACTCG 150 
CACGCTTTTCACTGGGAAAAACCTCACTAATAATATTGAAACTGATGAGC 



it . * ^ ^ 

TACACTTTGGACGTCTGGGGCCAAGGGACCACGGTCACCGTCTCCTCAGC 200 
ATGTGAAACCTGCAGACCCCGGTTCCCTGGTGCCAGTGGCAGAGGAGTCG 



^ ¥: * 

CTCCACACAGAGCCCATCCGTCTTCCCCTTGACCCGCTGCTGCAAAAACA 
GAGGTGTGTCTCGGGTAGGCAGAAGGGGAACTGGGCGACGACGTTTTTGT 



» " * * * * 

TTCCCTCCAATGCCACCTCCGTGACTCTGGGCTGCCTGGCCACGGGCTAC 300 
AAGGGAGGTTACGGTGGAGGCACTGAGACCCGACGGACCGGTGCCCGATG 



* * * * ^ 

TTCCCGGAGCCGGTGATGGTGACCTGGGACACAGGCTCCCTCAACGGGAC 350 
AAGGGCCTCGGCCACTACCACTGGACCCTGTGTCCGAGGGAGTTGCCCTG 



AACTATGACCTTACCAGCCACCACCCTCACGCTCTCTGGTCACTATGCCA 400 
TTGATACTGGAATGGTCGGTGGTGGGAGTGCGAGAGACCAGTGATACGGT 



CCATCAGCTTGCTGACCGTCTCGGGTGCGTGGGCCAAGCAGATGTTCACC 450 
GGTAGTCGAACGACTGGCAGAGCCCACGCACCCGGTTCG I CTACAAGTGG 



^ * * * _ 

TGCCGTGTGGCACACACTCCATCGTCCACAGACTGGGTCGACAACAAAAC ^00 
ACGGCACACCGTGTGTGAGGTAGCAGGTGTCTGACCCAGCTGTTGTT i TG 



•continued 
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* * * ^ H* 

CTTCAGCGTCTGCTCCAGGGACTTCACCCCGCCCACCGTGAAGATCTTAC 
GAAGTCGCAGACGAGGTCCCTGAAGTGGGGCGGGTGGCACTTCTAGAATG 



AGTCGTCCTGCGACGGCGGCGGGCACTTCCCCCCGACCATCCAGCTCCTG 
TCAGCAGGACGCTGCCGCCGCCCGTGAAGGGGGGCTGGTAGGTCGAGGAC 



* * 9f * 

TGCCTCGTCTCTGGGTACACCCCAGGGACTATCAACATCACCTGGCTGGA 
ACGGAGCAGAGACCCATGTGGGGTCCCTGATAGTTGThGTGGACCGACCT 



* * * ^ ^ 

GGACGGGCAGGTCATGGACGTGGACTTGTCCACCGCCTCTACCACGCAGG 
CCTGCCCGTCCAGTACCTGCACCTGAACAGGTGGCGGAGATGGTGCGTCC 



* * * * ?t 

AGGGTGAGCTGGCCTCCACACAAAGCGAGCTCACCCTCAGCCAGAAGCAC 
TCCCACTCGACCGGAGGTGTGTTTCGCTCGAGTGGGAGTCGGTCTTCGTG 



* * * * # 

TGGCTGTCAGACCGCACCTACACCTGCCAGGTCACCTATCAAGGTCACAC 
ACCGACAGTCTGGCGTGGATGTGGACGGTCCAGTGGATAGTTCCAGTGTG 



* * * itr 

CTTTGAGGACAGCACCAAGAAGTGTGCAGATTCCAACCCGAGAGGGGTGA 
GAAACTCCTGTCGTGGTTCTTCACACGTCTAAGGTTGGGCTCTCCCCACT 



^ * ^ ^ 

GCGCCTACCTAAGCCGGCCCAGCCCGTTCGACCTGTTCATCCGCAAGTCG 
CGCGGATGGATTCGGCCGGGTCGGGCAAGCTGGACAAGTAGGCGTTCAGC 



* * H ^ * 

CCCACGATCACCTGTCTGGTGGTGGACCTGGCACCCAGCAAGGGGACCGT 
GGGTGCTAGTGGACAGACCACCACCTGGACCGTGGGTCGTTCCCCTGGCA 



^ * » 9f if 

CAACCTGACCTGGTCCCGGGCCAGTGGGAAGCCTGTGAACCACTCCACCA 
CTTGGACTGGACCAGGGCCCGGTCACCCTTCGGACACTTGGTGAGC-TGGT 



coninued 
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^ * 9f ♦ 

GAAACCACGAGAAGCAGCGCAATGGCACGTTAACCGTCACGTCCACCCTG 1050 
CTTTCCTCCTCTTCGTCGCGTTACCGTGCAATTGGCAGTGCAGGTGGGAC 



^ * * * 9t 

CCGGTGGGCACCCGAGACTGGATCGAGGGGGAGACCTACCAGTGCAGGGT 1 1 00 

GGCCACCCGTGGGCTCTGACCTAGCTCCCCCTCTGGATGGTCACGTCCCA 



* * * * * «^ 

GACCCACCCCCACCTGCCCAGGGCCCTCATGCGGTCCACGACCAAGACCA 1 1 50 

CTGGGTGGGGGTGGACGGGTCCCGGGAGTACGCCAGGTGCTGGTTCTGGT 



* * * * * 

GCGGCCCGCGTGCTGCCCCGGAAGTCTATGCGTTTGCGACGCCGGAGTGG 1200 
CGCCGGGCGCACGACGGGGCCTTCAGATACGCAAACGCTGCGGCCTCACC 



if ^ ^ * 

CCGGGGAGCCGGGACAAGCGCACCCTCGCCTGCCTGATCCAGAACTTCAT 1250 
GGCCCCTCGGCCCTGTTCGCGTGGGAGCGGACGGACTAGGTCTTGAAGTA 



* ?f * 

GCCTGAGGACATCTCGGTGCAGTGGCTGCACAACGAGGTGCAGCTCCCGG 1300 
CGGACTCCTGTAGAGCGACGTCACCGACGTGTTGCTCCACGTCGAGGGCC 



* * ^ * 

ACGCCCGGCACAGCACGACGCAGCCCCGCAAGACCAAGGGCTCCGGCTTC 1350 
TGCGGGCCGTGTCGTGCTGCGTCGGGGCGTTCTGGTTCCCGAGGCCGAAG 



^ 4f ^ ^ if 

TTCGTCTTCAGCCGCCTGGAGGTGACCAGGGCCGAATGGGAGCAGAAAGA 1 400 

AAGCAGAAGTCGGCGGACCTCCACTGGTCCCGGCTTACCCTCGTCTTTCT 



^ * ^ * * 

TGAGTTCATCTGCCGTGCAGTCCATGAGGCAGCGAGCCCCTCACAGACCG 1 450 

ACTCAAGTAGACGGCACGTCAGGTACTCCGTCGCTCGGGGAGTGTCTGGC 



TCCAGCGAGCGGTGTCTGTAAATCCCGGTAAATGA 
AGGTCGCTCGCCACAGACATTTAGGGCCATTTACT 
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* • * * * 

GGGGGGGGGGGGGGGCGAGATTTCAGGGCAGGGTCACCATGACCAGAGAC 
CCCCCCCCCCCCCCCGCTCTAAAGTCCCGTCCCAGTGGTACTGGTCTCTG 



9* * * ?f 

CCGTCCTTCAGTACAGCCTACATGGACCTGAGAAGTCTGAGATCTGACGA 
CGCAGGAAGTCATGTCGGATGTACCTGGACTCTTCAGACTCTAGACTGCT 



* ^ H ih 

CTCGGCCGTGTTTTACTGTGCGAAAAGTGACCCTTTTTGGAGTGATTATT 
GAGCCGGCACAAAATGACAGGCTTTTCACTGGGAAAAACCTCACTAATAA 



* * * ^ * 

ATAACTTTGACTACTCGTACACTTTGGACGTCTGGGGCCAAGGGACCACG 

TATTGAAACTGATGAGCATGTGAAACCTGCAGACCCCGGTTCCCTGGTGC 

« 



* * ♦ 

GTCACCGTCTCCTCAGCCTCCACACAGAGCCCATCCGTCTTCCCCTTGAC 
CAGTGGCAGAGGAGTCGGAGGTGTGTCTCGGGTAGGCAGAAGGGGAACTG 



if * * 

CCGCTGCTGCAAAAACATTCCCTCCAATGCCACCTCCGTGACTCTGGGCT 
GGCGACGACGTTTTTGTAAGGGAGGTTACGGTGGAGGCACTGAGACCCGA 



* it ^t it 

GCCTGGCCACGGGCTACTTCCCGGAGCCGGTGATGGTGACCTGGGACACA 
CGGACCGGTGCCCGATGAAGGGCCTCGGCCACTACCACTGGACCCTGTGT 



* * * if if 

GGCTCCCTCAACGGGACAACTATGACCTTACCAGCCACCACCCTCACGCT 
CCGAGGGAGTTGCCCTGTTGATACTGGAATGGTCGGTGGTGGGAGTGCGA 



* * i* if if 

CTCTGGTCACTATGCCACCATCAGCTTGCTGACCGTCTCGGGTGCGTGGG 
GAGACCAGTGATACGGTGGTAGTCGAACGACTGGCAGAGCCCACGCACCC 



CCAAGCAGATGTTCACCTGCCGTGTGGCACACACTCCATCGTCCACAGAC 
GGTTCGTCTACAAGTGGACGGCACACCGTGTGTGAGGTAGCAGGTGTCTG 
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* * ?t * 

TGGGTCGACAACAAAACCTTCAGCGTCTGCTCCAGGGACTTCACCCCGCC 
ACCCAGCTGTTGTTTTGGAAGTCGCAGACGAGGTCCCTGAAGTGGGGCGG 



***** 
CACCGTGAAGATCTTACAGTCGTCCTGCGACGGCGGCGGGCACTTCCCCC 
GTGGCACTTCTAGAATGTCAGCAGGACGCTGCCGCCGCCCGTGAAGGGGG 



* * * * . * 

CGACCATCCAGCTCCTGTGCCTCGTCTCTGGGTACACCCCAGGGACTATC 
GCTGGTAGGTCGAGGACACGGAGCAGAGACCCATGTGGGGTCCCTGATAG 



***** 
AACATCACCTGGCTGGAGGACGGGCAGGTCATGGACGTGGACTTGTCCAC 
TTGTAGTGGACCGACCTCCTGCCCGTCCAGTACCTGCACCTGAACAGGTG 



* * * * * 

CGCCTCTACCACGCAGGAGGGTGAGCTGGCCTCCACACAAAGCGAGCTCA 
GCGGAGATGGTGCGTCCTCCCACTCGACCGGAGGTGTGTTTCGCTCGAGT 



* * * * * 

CCCTCAGCCAGAAGCACTGGCTGTCAGACCGCACCTACACCTGCCAGGTC 
GGGAGTCGGTCTTCGTGACCGACAGTCTGGCGTGGATGTGGACGGTCCAG 



***** 
ACCTATCAAGGTCACACCTTTGAGGACAGCACCAAGAAGTGTGCAGATTC 
TGGATAGTTCCAGTGTGGAAACTCCTGTCGTGGTTCTTCACACGTCTAAG 



***** 
CAACCCGAGAGGGGTGAGCGCCTACCTAAGCCGGCCCAGCCCGTTCGACC 
GTTGGGCTCTCCCCACTCGCGGATGGATTCGGCCGGGTCGGGCAAGCTGG 



* * * * * 

TGTTCATCCGCAAGTCGCCCACGATCACCTGTCTGGTGGTGGACCTGGCA 
AChAGTAGGCGTTCAGCGGGTGCTAGTGGACAGACCACCACCTGGACCGT 



* * * * * 

CCCAGCAAGGGGACCGTGAACCTGACCTGGTCCCGGGCCAGTGGGAAGCC 
GGGTCGTTCCCCTGGCACTTGGACTGGACCAGGGCCCGGTCACCCTTCGG 



Figure 4 



10 20 30 40 ^0 



* * * * ^ 

TGTGAACCACTCCACCAGAAAGGAGGAGAAGCAGCGCAATGGCACGTTAA 
ACACTTGGTGAGGTGGTCTTTCCTCCTCTTCGTCGCGTTACCGTGCAATT 



* if * * * 

CCGTCACGTCCACCCTGCCGGTGGGCACCCGAGACTGGATCGAGGGGGAC 
GGCAGTGCAGGTGGGACGGCCACCCGTGGGCTCTGACCTAGCTCCCCCTC 



* * * 9f 

ACCTACCAGTGCAGGGTGACCCACCCCCACCTGCCCAGGGCCCTCATGCG 
TGGATGGTCACGTCCCACTGGGTGGGGGTGGACGGGTCCCGGGAGTACGC 



* # * * * 

GTCCACGACCAAGACCAGCGGCCCGCGTGCTGCCCCGGAAGTCTATGCGT 
CAGGTGCTGGTTCTGGTCGCCGGGCGCACGACGGGGCCTTCAGATACGCA 



* * * '* * 

TTGCGACGCCGGAGTGGCCGGGGAGCCGGGACAAGCGCACCCTCGCCTGC 
AACGCTGCGGCCTCACCGGCCCCTCGGCCCTGTTCGCGTGGGAGCGGACG 



* * * ♦ 

CTGATCCAGAACTTCATGCCTGAGGACATCTCGGTGCAGTGGCTGCACAA 
GACTAGGTCTTGAAGTACGGACTCCTGTAGAGCCACGTCACCGACGTGTT 



CGAGGTGCAGCTCCCGGACGCCCGGCACAGCACGACGCAGCCCCGCAAGA 
GCTCCACGTCGAGGGCCTGCGGGCCGTGTCGTGCTGCGTCGGGGCGTTCT 



* * 5f * Hf 

CCAAGGGCTCCGGCTTCTTCGTCTTCAGCCGCCTGGAGGTGACCAGGGCC 
GGTTCCCGAGGCCGAAGAAGCAGAAGTCGGCGGACCTCCACTGGTCCCGG 



» ^* ^ ^ 

GAATGGGAGCAGAAAGATGAGTTCATCTGCCGTGCAGTCCATGAGGCAGC 
CTTACCCTCGTCTTTCTACTCAAGTAGACGGCACGTCAGGTACTCCGTCG 



» ^ * ^ ♦ 

GAGCCCCTCACAGACCGTCCAGCGAGCGGTGTCTGTAAATCCCGGTAAAT 
CTCGGGGAGTGTCTGGCAGGTCGCTCGCCACAGACATTTAGGGCCATTTA 
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* * * * * 

GACCTACTCCTGCCTCCCTCCCTCCeAGGGCTCCATCCAGCTGTGCAGTG 1550 
CTGCATGAGGACGGAGGGAGGGAGGGTCCCGAGGTAGGTCGACACGTCAC 

9t * if * ^ 

GGGAGGACTGGCCAGACCTTCTGTCCACTGTTGCAATGACCCCAGGAAGC 1600 
CCCTCCTGACCGGTCTGGAAGACAGGTGACAACGTTACTGGGGTCCTTCG 



* * * * * 

TACCCCCAATAAACTGTGCCTGCTCAGAAAAAAAAAAAAAAAACCCCCCC 1650 
ATGGGGGTTATTTGACACGGACGAGTCTTTTTTTTTTTTTTTTGGGGGGG 



ccccccc 

GGGGGGG 
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Ctof 




Clo I digestion 



Figure 5 



pGET2 Pst I fragment 



GGG ' 
ACGTCCC ' 



CCCTGCA 
GGG 



Bai 3 I digestion 



addition 

(CATCGATG) 

adapteF 



CATCGATG 
GTAGCTAC 



CGATG 
TAC 
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CATCGATG 
• GTAGCTAC 



Clo I digestion 
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CAT 
GTA6C 



T4 DMA ligase 



Clo I 



Ato Vol 



CGATGGCCGTG- 
TACCGGCAC 




Clo I digestion 
1200 bp fragment 

nucleotide sequencing 



AACCCCAT 
TTGGGGTAGC 
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SqI I digestion 
1150 bo fragment 



pGET2 P»l I fragment 



CCCTGCA 
GGG 




Hiitf I digestion 
810 bp fragment 



ON A- polymerase reaction 



adapter ( GCATCGATGC I 
eta I digestion 



CGATGCATTCC 
TAC6TAAGG 




T 4 ONA ligase 
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